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(54) NONVOLATILE SEMICONDUCTOR STORAGE DEVICE AND ITS DRIVING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance a write speed, keeping an operation voltage low, 
in a MONOS-type memory transistor. 

SOLUTION: This device is equipped with a substrate 1, a channel formation region 1a for E 
a semiconductor provided at the surface of the substrate, first and second impurity 
regions 2 and 4 made at the surface of the substrate with the channel formation region | 
1a in-between, a gate insulating film 6 including within a charge accumulating means 5 
(carrier trap) dispersed in the direction of interior of the face opposed to the channel 
formation area 1 a and the direction of film thickness, and a gate electrode 8 provided on 
the gate insulating film 6. Charge is accelerated in the vertical direction to the substrate 
such as substrate hot electron, secondary collision ionized hot electron, or the like, or a 
step 1b is made at the surface of the channel formation region 1a. As a result, the charge accumulating 
comes to be positioned in the direction of charge accumulation, and implantation efficiency rises. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A substrate and the channel formation field of a semi-conductor established in the front face 
of the substrate concerned, The 1 st and 2nd impurity ranges which are formed in a substrate front face 
across the channel formation field concerned, and serve as the source or a drain at the time of 
actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film The non-volatile semiconductor memory which has the charge storage means established in the 
direction in which it is discretized in the inside of the field which countered the above-mentioned 
channel formation field, and the direction of thickness, and a charge is accelerated at the time of 
actuation. 

[Claim 2] The non-volatile semiconductor memory according to claim 1 whose charge poured into the 
above-mentioned charge storage means is a hot electron. 

[Claim 3] The non-volatile semiconductor memory according to claim 1 to which acceleration of the 
above-mentioned charge is mainly performed by the perpendicular electric-field component between the 
1st impurity range of the above, and the above-mentioned gate electrode. 

[Claim 4] The above-mentioned charge storage means is a non-volatile semiconductor memory 
according to claim 3 which has the 1st field by the side of the 1st impurity range of the above where the 
above-mentioned charge is poured in at the time of actuation, and the 2nd field where a charge is not 
poured in. 

[Claim 5] The above-mentioned charge storage means is a non-volatile semiconductor memory 

according to claim 4 which has the 3rd field where a charge is poured into the location by the side of 

the 2nd impurity range of the above which confronted in the 1st field of the above, and the direction of 

a channel each other across the 2nd field of the above at the time of actuation. 

[Claim 6] The charge poured into the above-mentioned charge storage means is a non-volatile 

semiconductor memory according to claim 3 which is the hot electron generated by secondary-impact 

ionization. 

[Claim 7] The charge poured into the above-mentioned charge storage means is a non-volatile 
semiconductor memory according to claim 3 which is the substrate hot electron which was accelerated 
within the depletion layer of the above-mentioned channel formation field, and was generated. 
[Claim 8] The non-volatile semiconductor memory according to claim 1 to which the level difference 
which makes the 1st impurity range of the above low relatively to the 2nd impurity range of the above is 
prepared in the front face of the above-mentioned channel formation field, and acceleration of the 
above-mentioned charge is mainly performed along a channel formation field by the upper part side of 
the above-mentioned level difference by the level electric-field component between the 1st and 2nd 
impurity ranges of the above. 

[Claim 9] The non-volatile semiconductor memory according to claim 8 with which the above-mentioned 
charge storage means is formed focusing on the gate-dielectric-film part between the above-mentioned 
level difference and the 1 st impurity range of the above. 

[Claim 10] The non-volatile semiconductor memory according to claim 8 whose channel lay length of the 
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above-mentioned level difference upper part where the above-mentioned charge is accelerated is below 
the mean free path of the charge in a channel. 

[Claim 1 1] The non-volatile semiconductor memory according to claim 8 set as within the limits below 
the predetermined distance the channel lay length of the above-mentioned level difference upper part 
where the above-mentioned charge is accelerated can run, without influencing the charge in a channel 
of impurity scattering. 

[Claim 1 2] The non-volatile semiconductor memory according to claim 8 whose channel lay length of the 
above-mentioned level difference upper part where the above-mentioned charge is accelerated is 50nm 
or less. 

[Claim 13] Said charge storage means is a non-volatile semiconductor memory according to claim 1 
which does not have the conductivity as the whole field which counters said channel formation field 
when there is no migration of a charge between the exteriors at least. 

[Claim 14] Said gate dielectric film is a non-volatile semiconductor memory containing the bottom 
insulator layer on said channel formation field, and the nitride or oxidation nitride on the bottom insulator 
layer concerned according to claim 13. 

[Claim 15] Said gate dielectric film is a non-volatile semiconductor memory containing the diameter 
conductor of a granule which was formed on the bottom insulator layer as said charge storage means, 
and was insulated with the bottom insulator layer on said channel formation field according to claim 13. 
[Claim 16] The non-volatile semiconductor memory according to claim 15 whose particle size of said 
diameter conductor of a granule is 10 nanometers or less. 

[Claim 17] A substrate and the channel formation field of a semi-conductor established in the front face 
of the substrate concerned. The 1st and 2nd impurity ranges which are formed in a substrate front face 
across the channel formation field concerned, and serve as the source or a drain at the time of 
actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film The non-volatile semiconductor memory with which it has the charge storage means discretized in 
the inside of the field which countered the above-mentioned channel formation field, and the direction of 
thickness, and the level difference which makes the 1st impurity range of the above low relatively to the 
2nd impurity range of the above is prepared in the front face of the above-mentioned channel formation 
field. 

[Claim 18] A substrate and the channel formation field of a semi-conductor established in the front face 
of the substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate front face 
across the channel formation field concerned, and serve as the source or a drain at the time of 
actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film It has the charge storage means discretized in the inside of the field which counters the above- 
mentioned channel formation field, and the direction of thickness. The above-mentioned gate electrode 
The 1st gate electrode by which the laminating was carried out to the 1st impurity range side of the 
above of the above-mentioned channel formation field through the 1st gate dielectric film which does 
not have a charge storage means inside. The non-volatile semiconductor memory containing the 2nd 
gate electrode by which the laminating was carried out to the 2nd impurity range side of the above of 
the above-mentioned channel formation field through the 2nd gate dielectric film with a charge storage 
means inside. 

[Claim 19] The non-volatile semiconductor memory according to claim 18 with which the above- 
mentioned 2nd gate electrode is formed in the side attachment wall of the above-mentioned 1st gate 
electrode through the insulator layer. 

[Claim 20] The non-volatile semiconductor memory according to claim 18 which equips the front face of 
the above-mentioned channel formation field with the level difference which makes the 2nd impurity 
range of the above low relatively to the 1 st impurity range of the above. 
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[Claim 21] A substrate and the channel formation field of a semi-conductor established in the front face 
of the substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate front face 
across the channel formation field concerned, and serve as the source or a drain at the time of 
actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film It is the drive approach of a non-volatile semiconductor memory of having the charge storage 
means discretized in the direction of thickness in opposite ****** to the above-mentioned channel 
formation field. The drive approach of the non-volatile semiconductor memory poured in into the charge 
storage means by which discretization was carried out [ above-mentioned ] where it accelerated the 
charge within the depletion layer around the above-mentioned channel formation field and momentum is 
held at the time of actuation. 

[Claim 22] The drive approach of a non-volatile semiconductor memory according to claim 21 of 
injecting into the part by the side of the 1st impurity range of the above of the above-mentioned charge 
storage means the charge by which acceleration was carried out [ above-mentioned ]. 
[Claim 23] The drive approach of the non-volatile semiconductor memory according to claim 22 which 
makes reverse the bias impression conditions over the 1st and 2nd impurity range of the above, and is 
injected into the part by the side of the 2nd impurity range of the above of the above-mentioned charge 
storage means. 

[Claim 24] The drive approach of a non-volatile semiconductor memory according to claim 21 that the 
mileage from acceleration initiation of the above-mentioned charge to impregnation is 50nm or less. 
[Claim 25] The drive approach of a non-volatile semiconductor memory according to claim 21 of 
carrying out the electric conduction of the above-mentioned charge to tic [ BARISU ] within a channel. 
[Claim 26] The drive approach of the non-volatile semiconductor memory according to claim 21 which 
controls acceleration and impregnation of the above-mentioned charge by the separate gate electrode. 
[Claim 27] The drive approach of the non-volatile semiconductor memory according to claim 21 which 
makes less than [ 5V ] maximum of the electrical potential difference impressed to the above- 
mentioned gate electrode. 

[Claim 28] The drive approach of the non-volatile semiconductor memory according to claim 27 which 
makes less than [ 5V ] maximum of the electrical potential difference impressed to the above- 
mentioned channel formation field, the 1st and 2nd impurity range of the above, and the above- 
mentioned gate electrode. 

[Claim 29] The drive approach of a non-volatile semiconductor memory according to claim 21 of 
impressing a predetermined read-out drain electrical potential difference between the 1st and 2nd 
impurity ranges of the above so that the 1st impurity range of the above may serve as the source, and 
impressing predetermined read-out gate voltage to the above-mentioned gate electrode at the time of 
read-out. 

[Claim 30] The drive approach of the non-volatile semiconductor memory according to claim 23 which 
changes the electrical-potential-difference impression direction and reads the two or more bits data 
memorized according to the charge partially poured into the above-mentioned charge storage means 
between the 1st and 2nd impurity range of the above. 

[Claim 31] The drive approach of the non-volatile semiconductor memory according to claim 22 which 
keeps lengthening the charge which is poured in from the 1st impurity range side of the above at the 
time of elimination, and is held for the above-mentioned charge storage means at it to the 1st impurity 
range side by direct tunneling or FN tunneling. 

[Claim 32] The drive approach of the non-volatile semiconductor memory according to claim 23 which is 
poured in from the 1st or 2nd impurity range side of the above at the time of elimination, bundles up 
individually the charge which is divided into the above-mentioned charge storage means by the both 
sides of the direction of a channel, and is held by direct tunneling or FN tunneling, and it keeps 
lengthening to a substrate side. 
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[Claim 33] Said charge storage means is the drive approach of the non-volatile semiconductor memory 
according to claim 21 which does not have the conductivity as the whole field which counters said 
channel formation field when there is no migration of a charge between the exteriors at least. 
[Claim 34] Said gate dielectric film is the drive approach of the non-volatile semiconductor memory 
containing the bottom insulator layer on said channel formation field, and the nitride or oxidation nitride 
on the bottom insulator layer concerned according to claim 33. 

[Claim 35] Said gate dielectric film is the drive approach of the non-volatile semiconductor memory 
containing the diameter conductor of a granule which was formed on the bottom insulator layer as said 
charge storage means, and was insulated with the bottom insulator layer on said channel formation field 
according to claim 33. 

[Claim 36] The drive approach of a non-volatile semiconductor memory according to claim 35 that the 
particle size of said diameter conductor of a granule is 10 nanometers or less. 

[Claim 37] A substrate and the channel formation field of a semi-conductor established in the front face 
of the substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate front face 
across the channel formation field concerned, and serve as the source or a drain at the time of 
actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film It is the drive approach of a non-volatile semiconductor memory of having the charge storage 
means discretized in the inside of the field which countered the above-mentioned channel formation 
field, and the direction of thickness, a charge is accelerated within the channel made to the above- 
mentioned channel formation field at the time of actuation — making — BARISU — the drive approach 
of the non-volatile semiconductor memory poured in into the charge storage means by which 
discretization was carried out [ above-mentioned ] using the electric conduction phenomenon [ tic ]. 
[Claim 38] A substrate and the channel formation field of a semi-conductor established in the front face 
of the substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate front face 
across the channel formation field concerned, and serve as the source or a drain at the time of 
actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film It is the drive approach of a non-volatile semiconductor memory of having the charge storage 
means discretized in the inside of the field which countered the above-mentioned channel formation 
field, and the direction of thickness. The drive approach of a non-volatile semiconductor memory of 
pouring in the hot electron generated by secondary-impact ionization at the time of actuation into the 
charge storage means by which discretization was carried out [ above-mentioned ]. 

[Claim 39] A substrate and the channel formation field of a semi-conductor established in the front face 
of the substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate front face 
across the channel formation field concerned, and serve as the source or a drain at the time of 
actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film It is the drive approach of a non-volatile semiconductor memory of having the charge storage 
means discretized in the inside of the field which countered the above-mentioned channel formation 
field, and the direction of thickness. The drive approach of the non-volatile semiconductor memory 
poured in into the charge storage means by which discretization was carried out [ above-mentioned ] by 
accelerating a charge within the depletion layer made to the above-mentioned channel formation field, 
and making it a substrate hot electron at the time of actuation. 

[Claim 40] A substrate and the 1st and 2nd impurity ranges which are established in the front face of 
the substrate concerned, are formed in a substrate front face across the channel formation field and the 
channel formation field concerned of a semi-conductor, and serve as the source or a drain at the time 
of actuation, The gate dielectric film formed on the above-mentioned channel formation field, and the 
gate electrode formed on the gate dielectric film concerned, It is discretized in the inside of the field 
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which countered the above-mentioned channel formation field, and the direction of thickness, and is 
formed in the above-mentioned gate dielectric film. At the time of actuation, a channel hot electron, a 
BARISUCHIKKU hot electron. It is the drive approach of a non-volatile semiconductor memory of having 
a charge storage means by which the hot electron resulting from the tunnel current between a 
secondary-impact ionization hot electron, a substrate hot electron, or bands is poured in. The charge 
which is poured in from the above 1st and/or 2nd impurity range side at the time of elimination, and is 
held on the one side of the direction of a channel, or both sides at the above-mentioned charge storage 
means at it The drive approach of the non-volatile semiconductor memory which bundles up individually 
by direct tunneling or FN tunneling, and it keeps lengthening to a substrate side. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] . 

[Field of the Invention] This invention inside the gate dielectric film between the channel formation field 
of a memory transistor, and a gate electrode the charge storage means (for example, the charge trap in 
the nitride in a MONOS mold or an MNOS mold — ) discretized superficially It has a charge trap or a 
diameter conductor of a granule near the interface of a top insulator layer and a nitride etc., and is 
related with the non-volatile semiconductor memory which considers pouring in a charge (an electron or 
hole) electrically, and accumulating it, or drawing it out to the charge storage means concerned as basic 
actuation, and its drive approach. 
[0002] 

[Description of the Prior Art] Although non-volatile semiconductor memory is expected as a small 
information record medium with large capacity, drawing speed equivalent to a network transmission 
speed (for example, carrier frequency: 100MHz) is increasingly required with broadband-ization of an 
information network in recent years. For this reason, improvement in the drawing speed beyond a single 
figure or it is demanded from non-volatile semiconductor memory from the drawing speed of the 
conventional 100microsec / eel with good scaling nature. 

[0003] Non-volatile semiconductor memory is FG (Floating Gate) which a charge storage means to hold 
a charge followed superficially. MONOS to which the charge storage means other than a mold was 
discretized superficially (Metal-Oxide-Nitride-Oxide Semiconductor) There is a mold etc. 
[0004] In MONOS mold non-volatile semiconductor memory, the carrier trap of the interface of the 
inside of [Nitride Six Ny (0< x<1, 0< y<1)] film which is bearing charge maintenance actively or a top 
insulator layer, and a nitride spatially (in namely, the direction of a field and the direction of thickness) 
Since it has discretized and spread, a charge maintenance property is Six Ny besides tunnel insulator 
layer thickness. It is dependent on the distribution [ be / energy-of-a-charge-/ it / spatial ] captured 
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by the carrier trap in the film. 

[0005] Since the charge storage means has been spatially discretized in the MONOS mold to the thing 
to which many charges leak through leak pass in FG mold, and a charge maintenance property tends to 
fall when leakage current pass is locally generated in this tunnel insulator layer, it does not pass for the 
local charge of the leak pass circumference to leak locally through leak pass, but is hard for the charge 
maintenance property of the whole storage element to fall. For this reason, in a MONOS mold, the 
problem of a fall of the charge maintenance property by thin-film-izing of a tunnel insulator layer is not 
so serious as FG mold. Therefore, the scaling nature of the tunnel insulator layer in a detailed memory 
transistor with very short gate length excels FG mold in the MONOS mold. Moreover, when a charge is 
locally poured in to the distribution flat surface of the carrier trap discretized superficially, the charge is 
held, without being spread in the inside of a flat surface, and the direction of thickness like FG mold. 
[0006] An improvement of a DISUTABU property is important for realizing a detailed memory cell by 
MONOS mold nonvolatile memory, and, for that purpose, the tunnel insulator layer will need to be set up 
more thickly than the usual thickness (1.6nm - 2.0nm). 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the conventional MONOS mold nonvolatile 
memory, a tunnel insulator layer is thick-film-ized, or it has become a still more disadvantageous 
situation for the improvement in drawing speed to reduce operating voltage. For this reason, when 
dependability (for example, a data-hold property, the Lee Dodi Staab property, or a data rewriting 
property etc.) is fully satisfied to nonvolatile memory, such as the conventional MONOS mold, 
100microsec of drawing speed is a limitation. 

[0008] Considering only drawing speed, it is easy to accelerate the impregnation method using a channel 
hot electron (CHE) from whole channel surface FN tunneling. However, the usual CHE impregnation 
method which generates CHE at a drain edge is not so enough as injection efficiency as 1x10-6. 
Moreover, although the source side impregnation mold MONOS transistor which pours in CHE from a 
source side was reported in order to gather injection efficiency (IEEE Electron Device Letter19, 1998, 
and pp153), this source side impregnation mold MONOS transistor of dependability, such as 14V, a high 
top and the Lee Dodi Staab property, and a data rewriting property, is not enough as operating voltage 
at the time of writing at the time of 12V and elimination. 

[0009] Thus, in nonvolatile memory, such as the conventional MONOS mold, it has improvement in 
drawing speed, and the relation of a trade-off of low-batteryHzing and dependability reservation of 
operating voltage. Conquest of this trade-off had become an important technical problem from a 
viewpoint of mixed loading with a logical circuit in the system LSI to which development is advanced 
briskly further in recent years, when developing high-speed mass nonvolatile memory. 
[0010] The purposes of this invention are the non-volatile semiconductor memory which has the 
structure which can be improved in drawing speed, maintaining dependability, such as the Lee Dodi 
Staab property, good, and low-battery-izing operating voltage, and offering the drive approach in the 
memory transistor which is made to accumulate a charge in carrier traps discretized superficially, such 
as a MONOS mold, and carries out basic actuation. 
[0011] 

[Means for Solving the Problem] The non-volatile semiconductor memory concerning the 1st viewpoint 
of this invention A substrate and the channel formation field of a semi-conductor established in the 
front face of the substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate 
front face across the channel formation field concerned, and serve as the source or a drain at the time 
of actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film It has the charge storage means established in the direction in which it is discretized in the inside of 
the field which countered the above-mentioned channel formation field, and the direction of thickness, 
and a charge is accelerated at the time of actuation. Any of a horizontal direction and a perpendicular 
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direction are sufficient as the direction where this charge is mainly accelerated at a substrate. 
[0012] Since the non-volatile semiconductor memory concerning this 1st viewpoint has established the 
discretized charge storage means in the direction in which a charge is accelerated, the momentum of a 
charge is easy to be maintained in the case of impregnation. For this reason, a charge is efficiently 
poured in to a charge storage means. 

[0013] The non-volatile semiconductor memory concerning the 2nd viewpoint of this invention A 
substrate and the channel formation field of a semi-conductor established in the front face of the 
substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate front face across 
the channel formation field concerned, and serve as the source or a drain at the time of actuation, 
Within the gate dielectric film formed on the above-mentioned channel formation field, the gate 
electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric film It 
has the charge storage means discretized in the inside of the field which countered the above- 
mentioned channel formation field, and the direction of thickness, and the level difference which makes 
the 1st impurity range of the above low relatively to the 2nd impurity range of the above is prepared in 
the front face of the above-mentioned channel formation field. 

[0014] Suitably, the above-mentioned charge storage means is formed focusing on the gate-dielectric- 
film part between the above-mentioned level difference and the 1st impurity range of the above. 
Suitably, the channel lay length (for example, die length from the 2nd impurity range edge of a channel 
formation field to a level difference) of the above-mentioned level difference upper part where the 
above-mentioned charge is accelerated is below the mean free path of the electron in a channel. Or this 
die length is set as 50nm or less within the limits below the predetermined distance it can run, without 
influencing the electron in a channel of impurity scattering. 

[0015] Generally, in the non-volatile semiconductor memory which writes in using hot electron 
impregnation, when predetermined bias voltage is impressed between the source and a drain and a 
write-in predetermined electrical potential difference is impressed to a gate electrode, the electric-field 
acceleration of the charge (electron in this case) supplied from the source in the formed channel is 
carried out. The charge (hot electron) which obtained high energy near the drain by the acceleration is 
drawn to the electric field by the gate electrode, and is poured into a charge storage means. 
[0016] The non-volatile semiconductor memory concerning the 2nd viewpoint of this invention prepared 
the level difference in the substrate front face, and has formed the gate dielectric film which has a 
charge storage means (carrier trap) in the interior, such as ONO film, by the side with a low level 
difference. Therefore, the high energy charge (for example, hot electron) generated near the drain is 
efficiently poured into a high speed at a carrier trap, without almost losing kinetic energy, maintaining 
the momentum (a direction and magnitude). The non-volatile semiconductor memory concerning the 2nd 
viewpoint shows one gestalt of level charge acceleration of the non-volatile semiconductor memory 
concerning the 1st viewpoint. If it carries out less than to the channel lay length of the level difference 
upper part where this charge is accelerated, for example, 50nm, the effect of impurity scattering etc. will 
be conducted to tic [ BARISU ], without a charge hardly receiving the inside of a channel. Therefore, the 
effectiveness of charge impregnation and a rate increase further. 

[0017] The non-volatile semiconductor memory concerning the 3rd viewpoint of this invention A 
substrate and the channel formation field of a semi-conductor established in the front face of the 
substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate front face across 
the channel formation field concerned, and serve as the source or a drain at the time of actuation, 
Within the gate dielectric film formed on the above-mentioned channel formation field, the gate 
electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric film It 
has the charge storage means discretized in the inside of the field which counters the above-mentioned 
channel formation field, and the direction of thickness. The above-mentioned gate electrode The 1st 
gate electrode by which the laminating was carried out to the 1st impurity range side of the above of 
the above-mentioned channel formation field through the 1st gate dielectric film which does not have a 
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charge storage means inside, The 2nd gate electrode by which the laminating was carried out to the 2nd 
impurity range side of the above of the above-mentioned channel formation field through the 2nd gate 
dielectric film with a charge storage means inside is included. Suitably, the 2nd gate electrode is formed 
in the side attachment wall of the 1st gate electrode through the insulator layer. 

[0018] In the non-volatile semiconductor memory concerning this 3rd viewpoint, the 1st gate electrode 
by the side of the 1st impurity range and the 2nd gate electrode by the side of the 2nd impurity range 
are prepared separately. Therefore, the gate voltage impression conditions at the time of acceleration 
and the gate voltage impression conditions at the time of impregnation can be set up separately, and it 
is easy to carry out control for maximurrHzing injection efficiency and accelerating writing so much. 
Since it is good without forming a charge storage means in the gate dielectric film by the side of the 1st 
gate electrode (the 1st gate dielectric film), the 1st gate dielectric film is made thin and drift potential 
can be enlarged. Moreover, fixed, then applied voltage can be lowered for drift potential. On the other 
hand, when the 2nd gate electrode is made into a sidewall form, eel area is small and ends. 
[0019] The drive approach of the non-volatile semiconductor memory concerning the 4th viewpoint of 
this invention A substrate and the channel formation field of a semi-conductor established in the front 
face of the substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate front 
face across the channel formation field concerned, and serve as the source or a drain at the time of 
actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film It is the drive approach of a non-volatile semiconductor memory of having the charge storage 
means discretized in the direction of thickness in opposite ****** to the above-mentioned channel 
formation field. At the time of actuation, a charge is accelerated within the depletion layer around the 
above-mentioned channel formation field, and it pours in into the charge storage means by which 
discretization was carried out [ above-mentioned ] where momentum is held. Suitably, independently 
partial charge impregnation is performed to the 1st impurity range [ of a charge storage means ], and 
2nd impurity range side in the case of writing. Specifically, it writes in by making electrical-potential- 
difference impression conditions reverse. In read-out, the electrical-potential-difference impression 
direction between the 1st and 2nd impurity range is decided, and a predetermined read-out drain 
electrical potential difference is impressed, and predetermined read-out gate voltage is impressed to a 
gate electrode so that the charge corresponding to the information which should be read may become a 
source side suitably. In two or more bits read-out, the electrical-potential-difference impression 
direction between the 1st and 2nd impurity range is made reverse, and such read-out is performed. In 
elimination, the charge which is poured in from the above 1st and/or 2nd impurity range side, and is held 
on the one side of the direction of a channel or both sides at the above-mentioned charge storage 
means is individually put in block by direct tunneling or FN tunneling, and lengthening it to a substrate 
side is kept. 

[0020] The drive approach of the non-volatile semiconductor memory concerning the 5th viewpoint of 
this invention A substrate and the channel formation field of a semi-conductor established in the front 
face of the substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate front 
face across the channel formation field concerned, and serve as the source or a drain at the time of 
actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film It is the drive approach of a non-volatile semiconductor memory of having the charge storage 
means discretized in the inside of the field which countered the above-mentioned channel formation 
field, and the direction of thickness, a charge is accelerated within the channel made to the above- 
mentioned channel formation field at the time of actuation — making — BARISU — it pours in into the 
charge storage means by which discretization was carried out [ above-mentioned ] using the electric 
conduction phenomenon [ tic ]. 

[0021] The drive approach of the non-volatile semiconductor memory concerning the 6th viewpoint of 



-9- 



this invention A substrate and the channel formation field of a semi-conductor established in the front 
face of the substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate front 
face across the channel formation field concerned, and serve as the source or a drain at the time of 
actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film It is the drive approach of a non-volatile semiconductor memory of having the charge storage 
means discretized in the inside of the field which countered the above-mentioned channel formation 
field, and the direction of thickness, and the hot electron generated by secondary-impact ionization at 
the time of actuation is poured in into the charge storage means by which discretization was carried out 
[ above-mentioned ]. 

[0022] The drive approach of the non-volatile semiconductor memory concerning the 7th viewpoint of 
this invention A substrate and the channel formation field of a semi-conductor established in the front 
face of the substrate concerned, The 1st and 2nd impurity ranges which are formed in a substrate front 
face across the channel formation field concerned, and serve as the source or a drain at the time of 
actuation, Within the gate dielectric film formed on the above-mentioned channel formation field, the 
gate electrode prepared on the gate dielectric film concerned, and the above-mentioned gate dielectric 
film It is the drive approach of a non-volatile semiconductor memory of having the charge storage 
means discretized in the inside of the field which countered the above-mentioned channel formation 
field, and the direction of thickness. A charge is accelerated within the depletion layer made to the 
above-mentioned channel formation field at the time of actuation, and it pours in into the charge 
storage means by which discretization was carried out [ above-mentioned ] by making it a substrate hot 
electron. 

[0023] The drive approach of the non-volatile semiconductor memory concerning the 8th viewpoint of 
this invention A substrate and the 1st and 2nd impurity ranges which are established in the front face of 
the substrate concerned, are formed in a substrate front face across the channel formation field and the 
channel formation field concerned of a semi-conductor, and serve as the source or a drain at the time 
of actuation, The gate dielectric film formed on the above-mentioned channel formation field, and the 
gate electrode formed on the gate dielectric film concerned. It is discretized in the inside of the field 
which countered the above-mentioned channel formation field, and the direction of thickness, and is 
formed in the above-mentioned gate dielectric film. At the time of actuation, a channel hot electron, a 
BARISUCHIKKU hot electron, It is the drive approach of a non-volatile semiconductor memory of having 
a charge storage means by which the hot electron resulting from the tunnel current between a 
secondary-impact ionization hot electron, a substrate hot electron, or bands is poured in. The charge 
which is poured in from the above 1st and/or 2nd impurity range side at the time of elimination, and is 
held on the one side of the direction of a channel or both sides at the above-mentioned charge storage 
means at it is individually put in block by direct tunneling or FN tunneling, and lengthening it is kept to a 
substrate side. 

[0024] In order to use the channel hot electron impregnation through a level difference, the charge 
impregnation using BARISU tic conduction, secondary-impact ionization hot electron impregnation, or 
substrate hot electron impregnation, for example by the drive approach of the non-volatile 
semiconductor memory concerning the 4th - the 7th viewpoint, the effectiveness of charge 
impregnation is good, and even if service voltage is low, writing high-speed enough is possible. In this 
invention, a charge can also be partially poured in by choosing an impregnation method suitably to the 
charge storage means which it was horizontal to the substrate, could also carry out the direction where 
a charge is accelerated perpendicularly, and was discretized superficially. Moreover, by the drive 
approach of the non-volatile semiconductor memory concerning the 8th viewpoint, since it eliminates by 
drawing out a charge to a substrate side at tunneling, a hole does not move so much during elimination 
actuation like before in the inside of a bottom insulator layer. In addition, this invention is suitable for 
the diameter conductor mold of a granule containing the diameter conductor of a granule each other 
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insulated on the bottom insulator layer within gate dielectric film, such as a MONOS mold or an MNOS 
mold which contains a nitride or an oxidization nitride on a bottom insulator layer within gate dielectric 
film. 
[0025] 

[Embodiment of the Invention] 1st operation gestalt drawing 1 is the circuit diagram showing the outline 
configuration of the memory cell array of the non-volatile semiconductor memory of the source line 
separation NOR mold concerning the operation gestalt of this invention. 

[0026] Each memory cell of a NOR . mold memory cell array is constituted from one memory transistor 
by this nonvolatile memory equipment. As shown in drawing 1 , the memory transistors M1 1-M22 are 
arranged in the shape of a matrix, and between these transistors is wired by the word line, the bit line, 
and the discrete-type source line. That is, each drain of the memory transistors M1 1 and M12 which 
adjoin in the direction of a bit is connected to a bit line BL1, and each source is connected to the 
source line SL 1. Similarly each drain of the memory transistors M21 and M22 which adjoin in the 
direction of a bit is connected to a bit line BL2, and each source is connected to the source line SL 2. 
Moreover, each gate of the memory transistors M11 and M21 which adjoin in the direction of WORD is 
connected to a word line WL1, and each gate of the memory transistors M12 and M22 which adjoin in 
the direction of WORD is similarly connected to the word line WL2. In the whole memory cell array, such 
eel arrangement and connection between eels are repeated. 

[0027] Drawing 2 is the outline top view of the detailed NOR mold eel array concerning the 1 st operation 
gestalt. Moreover, drawing 3 is the bird's-eye view seen from the cross-section side which met the A-A' 
line of drawing 2 . 

[0028] In this detailed NOR mold memory cell array, as shown in drawing 3 , the isolation insulating layer 
ISO is formed in the front face of the semi-conductor substrate SUB of n mold or p mold (n wells or p 
wells are also good) from a trench or LOCOS. The isolation insulating layer ISO is arranged in the shape 
of [ long in the direction of a bit (lengthwise direction of drawing 2 ) ] an parallel stripe, as shown in 
drawing 2 . It intersects perpendicularly with the isolation insulating layer ISO mostly, and each word 
lines WL1, WL2, WL3, and WL4 and — are wired at equal intervals. This word line carries out the 
laminating of the gate dielectric film which consists of a bottom insulator layer, a nitride, and a top 
insulator layer, and the gate electrode, and is constituted so that it may mention later. 
[0029] the active region in spacing of each isolation insulating layer ISO — setting — alienation of each 
word line — the impurity of a substrate 101 and a reverse conductivity type is introduced into high 
concentration, and the source impurity range (the 2nd impurity range) S and the drain impurity range 
(the 1st impurity range) D are formed in the tooth space by turns. That magnitude is specified in the 
direction of WORD (longitudinal direction of drawing 2 ) only at intervals of the isolation insulating layer 
ISO, and this source impurity range S and the drain impurity range D are prescribed in the direction of a 
bit by only WORD line spacing. Therefore, the source impurity range S and the drain impurity range D 
are extremely formed in homogeneity from the error of mask alignment hardly being introduced about 
dispersion in the magnitude and arrangement. 

[0030] The upper part and the side attachment wall of a word line are covered by the insulating layer. 
That is, an offset insulating layer is arranged by word lines WL1 and WL2 and the same pattern as the 
upper part of — , and the sidewall insulating layer is formed in the both-sides wall of the laminating 
pattern which consists of an offset insulating layer, a gate electrode under it (word line), and gate 
dielectric film. Along with the word line, opening of the long and slender self-align contact hole is carried 
out to the tooth-space part of each word lines by this offset insulating layer and the sidewall insulating 
layer. 

[0031] In the self-align contact hole, a conductive ingredient is embedded alternately and, thereby, the 
bit contact BC and the source contact SC are formed so that it may lap with the source impurity range 
S or the drain impurity range D in part. In formation of these contacts BC and SC, an electrical 
conducting material is deposited so that the inside of a self-align contact hole may be embedded, and 
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the resist pattern for etching masks is formed on it. At this time, a resist pattern is made somewhat 
larger than the width of face of a self-align contact hole, and a part is put on the isolation insulating 
layer ISO. And etching removes the electrical conducting material of the perimeter of a resist pattern by 
using this resist pattern as a mask. Thereby, two kinds of contacts BC and SC are formed in 
coincidence. 

[0032] The crevice of the perimeter of contact is embedded by the insulator layer which is not 
illustrated. In this insulator layer top, the bit lines BL1 and BL2 which contact on the bit contact BC, — , 
the source lines SL1 and SL2 and — which contact on the source contact SC are formed in the shape 
of an parallel stripe by turns. 

[0033] Contact formation of as opposed to that bit line or a source line in this detailed NOR mold eel 
array is attained by formation of a self-align contact hole, and formation of a plug. In formation of a self- 
align contact hole, while insulating separation with a word line is attained, the expressional side of the 
source impurity range S or the drain impurity range D is formed in homogeneity. And formation of the bit 
contact BC and the source contact SC is performed to the expressional side of the source impurity 
range S in this self-align contact hole, or the drain impurity range D. Therefore, the size of the direction 
of a bit is mostly decided by formation of a self^align contact hole, and, as for the substrate contact 
surface of each plug, the variation in the part and contact area is small. 

[0034] Insulating separation with the bit contact BC or the source contact SC, and a word line is easy. 
That is, it bundles up at the time of word line formation, the offset insulating layer is formed, and a 
sidewall insulating layer is formed membrane formation of an insulator layer, and only by performing 
overall etching (etchback) after that. Moreover, further, the bit contact BC, the source contact SC, and 
since a bit line and a source line carry out pattern NINGU of the same hierarchy's conductive layer and 
are formed, wiring structure is very simple, and a routing counter also has it, and it is structure 
advantageous to holding down a manufacturing cost low. [ little ] And since there was almost no useless 
space, when each class is formed with the minimum line width F of a wafer process limitation, it is 8F2. 
It can manufacture in a near, very small eel area. 

[0035] Drawing 4 is the sectional view showing the component structure of the MONOS mold memory 
transistor concerning this operation gestalt. 

[0036] In a sign 1, the semi-conductor substrates SUB, such as a silicon wafer which has the 
conductivity type of n mold or p mold, or a well (henceforth a substrate), and 1a show a channel 
formation field among drawing 4 , and 2 and 4 show the source impurity range S of the memory 
transistor concerned, and the drain impurity range D. A "channel formation field" means the field where 
the channel to which an electron or an electron hole conducts current is formed in the interior of a 
front-face side by this invention. The part by which the "channel formation field" of this example was 
inserted into the source impurity range 2 and the drain impurity range 4 within the substrate 
corresponds. 

[0037] The conductivity formed by introducing the impurity of channel formation field 1a and a reverse 
conductivity type into a substrate 1 at high concentration is a high field, and the source impurity range 2 
and the drain impurity range 4 have various gestalten. Usually, it is LDD (Lightly DopedDrain) to the 
substrate surface location which attends channel formation field 1a of the source impurity range 2 and 
the drain impurity range 4. The low concentration field to call is made to provide in many cases. 
[0038] On channel formation field 1a, the laminating of the gate electrode 8 of a memory transistor is 
carried out through gate dielectric film 6. Generally the gate electrode 8 is the polish recon (doped poly- 
Si) by which the impurity of p mold or n mold was introduced into high concentration, and was electric- 
conduction-ized, or doped poly-Si. It consists of a cascade screen with refractory metal silicide. The 
channel lay length (gate length) of this gate electrode 8 is about 0.25 micrometers or less, for example, 
0.18 micrometers. 

[0039] The gate dielectric film 6 in this operation gestalt consists of a bottom insulator layer 10, a 
nitride 12, and a top insulator layer 14 sequentially from the lower layer. The bottom insulator layer 10 
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forms an oxide film, it carries out nitriding treatment of this, and it is used for it. The thickness of the 
bottom insulator layer 10 can be decided within the limits of 2.0 to 5.0nm according to a use application, 
and is set as 5.0nm here. 

[0040] The nitride 12 consists of 5.0nm silicon nitride (Six Ny) film (0< x<1, 0< y<1). It is produced by 
reduced pressure CVD (LP-CVD), many carrier traps are contained in the film, and this nitride 12 shows 
the electric conduction property of a pool FURENKERU mold (PF mold). 

[0041] The top insulator layer 14 needs to form a deep carrier trap in high density near the interface 
with a nitride 12, for this reason, oxidizes the nitride after membrane formation thermally, and is formed, 
moreover, the top insulator layer 14 — HTO (High Temperature chemical vapor deposited Oxide) — 
Si02 formed by law It is good also as film. When the top insulator layer 14 is formed by CVD, this trap is 
formed of heat treatment. In order to prevent impregnation of the hole from the gate electrode 8 
effectively and to aim at fall prevention of the count in which data rewriting is possible, also at the 
lowest, 3.0nm 3.5nm or more is preferably required for the thickness of the top insulator layer 14. Here, 
top insulator layer thickness is set to 3.5nm. 

[0042] the semi-conductor substrate first prepared in manufacture of the memory transistor of such a 
configuration — the isolation insulating layer ISO and a well — after forming W and performing the ion 
implantation for threshold voltage adjustment etc. if needed, gate dielectric film 6 is formed. Concretely, 
heat treatment of 1000 degrees C and 10sec is performed by the short-time elevated-temperature 
heat-treating method (RTO law), and the silicon oxide film (bottom insulator layer 10) is formed. Next, on 
the bottom insulator layer 10, with LP-CVD method, a silicon nitride film (nitride 12) is deposited more 
thickly than this so that the last thickness may be set to 5nm. This CVD is performed at the substrate 
temperature of 650 degrees C using the gas which mixed dichlorosilane (DCS) and ammonia. The formed 
silicon nitride film front face is oxidized by the oxidizing [ thermally ] method, for example, the 3.5nm 
silicon oxide film (top insulator layer 1 4) is formed. This thermal oxidation is performed at 950 degrees C 
whenever [ coke-oven-temperature ] for example, into an H2 O ambient atmosphere. Thereby, the deep 
carrier trap whose trap level (energy difference from the conduction band of a silicon nitride film) is 
extent of 2.0eV or less is about one to 2x1013-/cm2. It is formed by the consistency. Moreover, about 
1.6nm (top insulator layer 14) of thermal oxidation silicon film is formed for a nitride 12 to 1nm, the 
nitride thickness of a substrate decreases at this rate, and the last thickness of a nitride 12 is set to 
5nm. 

[0043] The laminating of the electric conduction film used as the gate electrode 8 and the cascade 
screen of an offset insulating layer (un-illustrating) is carried out. And this gate dielectric film 6, the 
electric conduction film, and the cascade screen of an offset insulating layer are collectively processed 
by the same pattern. The source and the drain impurity ranges 2 and 4 are formed with ion-implantation 
in self align with the formed laminating pattern. 

[0044] Then, in order to consider as the memory cell array structure of drawing 3 , a self^align contact 
hole is formed with a sidewall insulating layer, and the bit contact BC and the source contact SC are 
formed on the source expressed by the self-align contact hole, and the drain impurity ranges S and D 
(the source and drain impurity ranges 2 and 4). Then, after embedding the perimeter of these contacts 
with an interlayer insulation film and forming a bit line BL1, — and the source line SL 1, and — on an 
interlayer insulation film, the non-volatile memory cell array concerned is completed through formation 
and overcoat membrane formation, a pad opening process, etc. through the layer insulation layer 
performed if needed of the upper wiring. 

[0045] Below, the case where data are written in the memory transistor M1 1 is explained to an example 
about the example of a bias setting at the time of the writing of the nonvolatile memory of such a 
configuration, and actuation. With this operation gestalt, writing is performed using the hot electron 
generated by secondary-impact ionization. In secondary-impact ionization hot electron impregnation, 
when the electron hole used as the substrate current generated near the drain crosses the depletion 
layer near the drain and is injected into a substrate, by electric field, it is mainly accelerated 
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perpendicularly and the electron which received energy from electric field within the depletion layer, and 
was made to generate an electron and an electron hole pair, among these was generated is poured into 
a charge storage means. 

[0046] At the time of writing, in drawing 4 , 5V are impressed to 3.3V and the gate electrode 8, and 3V 
are impressed to a well 1 to 0V and the drain impurity range 4 at the source impurity range 2. The 
electron hole which was poured in from the drain impurity range 4 and went into the nearby depletion 
layer collides with a silicon atom under this condition, and an electron and an electron hole pair occur 
within the depletion layer concerned by this collision. Among those, although dissipation of the electron 
hole is carried out to a substrate side with more low potential, it is accelerated by the electric field 
between a gate electrode and a substrate, and an electron is accelerated toward the upper part in a 
depletion layer. An electron serves as a hot electron, and that part overcomes the energy barrier of the 
bottom insulator layer 10, and it is poured into the charge storage means in a nitride 12 (carrier trap) by 
this acceleration. At this time, distribution of an impregnation electron carries out localization to the 1st 
field in the side R> 4 into which the electron hole which causes a collision is poured, i.e., drawing 4 . For 
this reason, it writes in, when the threshold electrical potential difference of the memory transistor M1 1 
concerned is in an elimination condition, and it goes up to a condition, and writing is made. Page writing 
is possible by writing in with this writing, changing prohibition and setting up electrical-potential- 
difference impression conditions for it suitably to two or more memory cells which stand in a row in a 
selection word line. 

[0047] It changes into extent in which a bias value is written and a channel is formed according to a 
condition in read-out. For example, where the drain impurity range 4 is grounded, 1.5V are impressed to 
the source impurity range 2, and 2V are impressed to the gate electrode 8. Thereby, in page read-out, a 
channel is formed in the 1st field of a charge storage means with the memory transistor in the 
elimination condition that the electron is not poured in, and a channel is not formed with the memory 
transistor in the write-in condition that the electron was poured into the 1st field of a charge storage 
means. Therefore, to a bit line BL1 and — , the potential change according to the existence of the 
channel formation appears. If a sense amplifier detects this potential change, it will be collectively read 
by the stored data in a page. 

[0048] In elimination, it carries out by keeping lengthening a charge using FN tunneling or direct 
tunneling from the whole channel surface or the drain impurity range 4 side. 

[0049] On the other hand, in order to memorize 2-bit data in 1 eel, when performing the same writing 
also as the source impurity range side of a charge storage means, in this 2nd writing, applied voltage of 
the source and a drain is made contrary to the 1st time. The same secondary-impact ionization as the 
1st time takes place by the source impurity range side by this, and the generated electron is poured into 
the field by the side of the source impurity range of a charge storage means (the 3rd field). In the eel of 
a write-in condition, a hot electron is poured into the 1st field of a charge storage means, and it is held, 
and a hot electron is poured into the 3rd field independently of this, and 2 bits is held. That is, since the 
2nd field where a hot electron is not poured in intervenes between the 1st field of a charge storage 
means, and the 3rd field, the hot electron corresponding to this 2-bit information is distinguished sharply 
certainly. 

[0050] With the case of the charge of the 1st field, read-out of the charge held to the 3rd field makes 
reverse the electrical-potential-difference direction between the source and a drain, and performs it. 
Thereby, 2-bit data can be read independently. Elimination is also made reverse and performs 
elimination by the side of the 1st above mentioned field, and applied voltage of the source impurity range 
2 and the drain impurity range 4. In addition, when [ both ] eliminating all over a channel, it is making the 
source and the drain impurity ranges 2 and 4 into a substrate and this potential, and package elimination 
of the data by the side of the 1st field and the 3rd field is carried out. 

[0051] The current-voltage characteristic of the memory transistor of a write-in condition and an 
elimination condition was examined. Consequently, the off leak current value from the non-choosing eel 
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of drain electrical-potential-difference 1 .5V was about 1 nA. Since the read-out current in this case is 
more than 10microA, incorrect read-out of a non-choosing eel does not produce it. Therefore, it read in 
the MONOS mold memory transistor of 0.18 micrometers of gate length, and the margin of the punch- 
through pressure-proofing at the time found a certain thing enough. Moreover, the Lee Dodi Staab 
property of gate voltage 1.5V was evaluated, and it turned out also after the time amount progress more 
than 3x108 sec that read-out is possible. 

[0052] Since the carrier trap is discretized spatially, it is good, and the count of data rewriting is 1x106. 
It turned out that a time is satisfied. Moreover, a data-hold property is 1x106. It is after data rewriting of 
a time and 85 degrees C and ten years were satisfied. 

[0053] As mentioned above, it was able to confirm that property sufficient as 0.18 micrometer gate 
length's MONOS mold nonvolatile memory transistor was acquired. 

[0054] Impregnation of a hot electron is possible with a drain current low in comparison to the charge 
storage means discretized by the secondary-impact ionization hot electron pouring-in method in this 
operation gestalt. Therefore, the punch-through at the time of writing is controlled as compared with the 
usual hot electron impregnation, consequently there is an advantage that gate length's scaling is easy. 
Moreover, since impregnation is performed while the momentum of an acceleration charge had been 
maintained, since a charge was mainly accelerated to a substrate and a perpendicular direction, 
compared with the usual CHE impregnation method, the injection efficiency of a charge is high. 
[0055] The 2nd operation gestalt of the 2nd operation gestalt is related with the nonvolatile memory 
equipment of an imaginary earth NOR mold. When an imaginary earth mold is divided roughly, it has a 
split-gate mold and an AMG (Alternate Metal Vertual Ground) mold. A split-gate mold writes in the 
function of a selection transistor by making it provide in a memory transistor substantially, and prevents 
DISUTABU. Write-in DISUTABU of a contiguity eel is prevented by an AMG mold connecting diffusion 
layer wiring which consists of a semi-conductor impurity range to metal wiring every other, for example, 
making metal wiring a bit line, and choosing diffusion layer wiring during metal wiring as a source line. 
[0056] Drawing 5 is the circuit diagram showing the memory cell array configuration of an AMG mold 
among imaginary earth NOR molds. In this memory cell array, the source line is communalized between 
contiguity memory cells. This communalized source line functions as a bit line, when operating the next 
memory cell. Therefore, in this memory cell array, all wiring of the direction of a bit is called a "bit line." 
Each bit lines BL1-BL3 are diffusion layer wiring which consists of an impurity range of a semi- 
conductor. Every other [ the / BL1 and BL3 ], for example, bit lines, is connected to the upper metal 
wiring through the bit contact which is not illustrated. 

[0057] Thus, except that eel array structures differ, the base of MONOS mold memory transistor 
structure and writing, read-out, and elimination actuation is the same as the 1st operation gestalt. Since 
a source line is substituted for and used with the bit line of the adjoining eel in the case of an imaginary 
earth NOR mold, the size of the direction of a bit can be reduced compared with a separation source 
line type, and it is eel area 6F2. It can attain. Being able to record 2-bit data on one memory cell 
physically, the eel area per bit is 3F2 effectually in this case. It becomes. 

[0058] With the 3rd operation gestalt book operation gestalt, whole channel surface tunnel erase is 
performed with channel hot electron (CHE) impregnation writing. Writing is the usual CHE impregnation 
and a detail here is omitted. 

[0059] A memory transistor is considered as the same configuration as drawing 4 , when drawing out the 
electron held to the 1st field of a charge storage means using direct tunneling from the whole channel 
surface, 8V and the source impurity range 2 are impressed to 0V and the drain impurity range 4, and the 
electrical potential difference of 8V is impressed to the gate electrode 8 at opening and a well 1. Cel 
elimination is performed by the electron currently held to the 1st field of a charge storage means being 
drawn out by this at a substrate side. At this time, erasing speed was 1msec extent. Moreover, when 
eliminating the charge of the 3rd field, elimination by the side of the 1st field and applied voltage of the 
source impurity range 2 and the drain impurity range 4 are made reverse, and are performed. 
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Furthermore, when the charge is held to the 1st and 3rd field, in case it eliminates all over a channel, 
package elimination of the data by the side of the 1st field and the 3rd field may be carried out by 
making both the source and the drain impurity ranges 2 and 4 into a substrate and this potential. 
[0060] by this elimination approach, it is markedly alike, and there are few amounts of holes which pass 
the bottom insulator layer 10 working compared with hot hole impregnation etc., therefore the bottom 
insulator layer 10 cannot deteriorate easily, and it excels in dependability and endurance (for example, 
ENDI lance property). 

[0061] The 4th operation gestalt of the 4th operation gestalt explains a MONOS mold memory transistor 
as an example about the method write-in [ high-speed ] of having used the substrate hot electron 
impregnation phenomenon. 

[0062] By the substrate hot electron impregnation method, the source and a drain are impressed with 
this potential, substrate bias voltage is impressed, and where a thick depletion layer is formed in the 
bottom of a gate electrode, a charge (electron) is poured into the depletion-ized channel formation field. 
It is accelerated within a depletion layer, and the poured-in electron obtains the energy more than the 
obstruction energy of an insulator layer, and is poured into the charge storage means superficially 
discretized exceeding the insulator layer, and, thereby, writing is made. 

[0063] The 1st configuration of the MONOS mold memory transistor concerning this operation gestalt is 
the same as drawing 4 in the 1st operation gestalt. With this operation gestalt, although the basic 
configuration is the same as the 1st operation gestalt, each configuration film 10, 12, and 14 of gate 
dielectric film 6 here is set to 3/5/3. 5nm. Moreover, production of this gate dielectric film 6 and 
production of a memory cell are performed using the same equipment as the above mentioned operation 
gestalt, and process conditions. 

[0064] Below, memory cell actuation is explained. AC bias voltage by which bias of the pn junction 
concerned is carried out by turns to the pn junction between the source impurity range 2 and a well 1 in 
the forward direction and hard flow is impressed. In this case, when pn junction is forward bias, an 
electron is poured into p wells 1 from pn junction, a well — the inner channel formation field is made to 
have depletion-ized by substrate bias For this reason, it is accelerated with the positive bias electrical 
potential difference impressed to the gate, hot carrier impregnation of the electron poured in from pn 
junction is carried out at the carrier trap in the nitride 12 which is a charge storage means exceeding 
the obstruction potential of the bottom insulator layer 10, and, thereby, writing is made. 
[0065] for example, a drain — opening and a well — where potential is held by 0V, as positive bias 
electrical-potential-difference 5V and AC bias voltage, to the source impurity range 2, it impressed in 
the forward direction by 0.7V, and the pulse voltage was impressed to the gate electrode 8 by VCC to 
hard flow. In that case, hot carrier impregnation was performed at the high speed, it wrote in less than 
[ operating voltage 5V ], and 1 micro below of time amount sec has been realized. Moreover, about 
dependability, the property equivalent to the MONOS mold memory cell of the conventional FN tunnel 
impregnation method was acquired. 

[0066] Since the charge storage means is discretized superficially, the partial impregnation to a nitride 
12 other than the impregnation to the nitride 12 whole surface is possible by changing the impregnation 
conditions of a substrate hot electron. For example, although the charge impregnation to a part for the 
source flank of a charge storage means (the 1st field) is made by the impregnation from a source side as 
mentioned above, charge impregnation is possible to a part for the drain flank of a charge storage means 
(the 3rd field) by pouring in a charge from a drain side as source opening conversely. Since the 2nd field 
where a charge is not poured in is formed between the 1st field and the 2nd field in the case of drawing 
4 , sharp distinction of the information which is 2 bits is possible. Moreover, since the threshold 
electrical potential difference of the 2nd field by which drawing of the charge in the case of elimination 
is also performed locally, and charge impregnation is not carried out does not change, superfluous 
elimination is prevented and it has the advantage that the convergency of the threshold electrical 
potential difference of an elimination condition is high. On the other hand, to the source and a drain, by 
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[the ] impressing AC bias voltage with the same phase with a big electrical-potential-difference value, 
the 1st and 3rd field of drawing 4 can be connected, and a charge can be poured into the whole charge 
storage means. 

[0067] The 2nd example of structure of the MONOS mold memory transistor which starts this operation 
gestalt at drawing 6 is shown, the memory transistor shown in drawing 6 — a duplex — a well — it has 
structure, namely, the p type semiconductor substrate 1 — n — a well 60 forms — having — n — the 
inside of a well 60 — p — a well 61 forms — having — this p — the memory transistor is formed in the 
well 61. Other basic configurations are the same as drawing 4 . However, the thickness specification of 
each configuration film 10, 12, and 14 of the gate dielectric film 6 of this example was set to 3.5/5/4nm. 
[0068] n — a well 60 and p — an electron is poured into the channel formation field depletion-ized by 
carrying out forward bias of the pn junction which consists of wells 61, and this electron is injected into 
the carrier trap in a nitride 12 by substrate hot electron impregnation, after carrying out electric-field 
acceleration at a gate electrode side. 

[0069] for example, the condition of having considered as drain opening — gate voltage 5V and the 
source electrical potential difference VCC — setting up — n — a well 60 and p — 0.7V were impressed 
to the forward direction between wells 61. Thereby, it wrote in less than [ operating voltage 5V ], and 
1 micro below of time amount sec has been realized. Moreover, about the dependability of a memory cell, 
the property equivalent to the MONOS mold memory cell of the conventional FN tunnel impregnation 
method was acquired. 

[0070] The top where operating voltage is as low as less than [ 5V ], since acceleration is performed 
mainly at right angles to a substrate, substrate hot electron impregnation as well as the case of 
secondary-impact ionization has the advantage that injection efficiency is high. 

[0071] With the 5th operation gestalt of the 5th operation gestalt, a level difference is prepared in a 
channel formation field, and CHE impregnation is performed from this level difference. The sectional view 
of the MONOS memory transistor which starts the 5th operation gestalt at drawing 7 is shown. 
[0072] A different point from the memory transistor which requires this memory transistor for the 1st 
operation gestalt shown in drawing 4 is that level difference 1b is prepared in the substrate front face of 
a channel formation field 1a part. Level difference 1b has height of about 5-50nm, for example, 10nm, its 
source impurity range 2 side is relatively high, and it is formed so that the drain impurity range 4 side 
may become low. Other configurations are the same as that of the 1 st operation gestalt. However, the 
thickness specification of each configuration film 10, 12, and 14 of gate dielectric film 6 is set to 
3.5/8.0/3.5nm here. 

[0073] In manufacture of the memory transistor of such a configuration, although a different point from 
the 1st operation gestalt is forming level difference 1b, the detail is given with the below-mentioned 
operation gestalt. 

[0074] Below, the case where data are written in the memory transistor M1 1 of drawing 1 is explained to 
an example about the CHE impregnation write-in actuation to the nonvolatile memory of such a 
configuration. 

[0075] After writing in if needed at the time of writing and setting up an inhibit electrical potential 
difference, a program electrical potential difference is impressed. For example, 5V are impressed to the 
subdevice-bit line BL1, and a predetermined electrical potential difference, 3V [ for example, ], is 
impressed to the non-choosing word line WL2, the non-choosing source line SL 2, and the non- 
subdevice-bit line BL2 at the time of substrate potential 0V. Moreover, the selection source line SL 1 is 
held by touch-down potential 0V. In this condition, a predetermined electrical potential difference, 7V 
[ for example, ], is impressed to the selection word line WL1 at the time of substrate potential 0V. 
[0076] An inversion layer (channel) is formed in the channel formation field front face between the 
source impurity range 2 and the drain impurity range 4 under this write-in condition, and the electric- 
field acceleration of the electron is poured in and carried out from the source impurity range 2 side into 
a channel. The accelerated electron serves as a hot electron near a level channel edge, high energy 
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impregnation of the part is carried out over the potential barrier of the bottom insulator layer 10, and it 
is captured by the carrier trap in gate dielectric film 6. For this reason, the threshold electrical potential 
difference of the memory transistor M1 1 concerned writes in from an elimination condition, it goes up to 
a condition, and writing is made. 

[0077] With the transistor structure concerning this operation gestalt, level difference 1b is prepared in 
the middle of channel formation field 1a, and gate dielectric film 6 extends in the pars-basilaris-ossis- 
occipitalis side of level difference 1b. Therefore, if the height of level difference 1b is optimized 
according to the thickness specification of gate dielectric film 6, the distribution core of a carrier trap 
can be located on the locus bent by the electric field by the production top of the electronic transit 
direction, or the applied voltage of the gate electrode 8. That is, in the writing of the memory transistor 
concerning this operation gestalt, the direct impregnation to the carrier trap in the condition of having 
maintained mostly the momentum (magnitude and direction) of the electron by which electric-field 
acceleration was carried out is attained. Therefore, the energy loss at the time of impregnation 
decreases conventionally, efficient charge impregnation is possible at high speed, and improvement in 
the speed of drawing speed is attained as the result. 

[0078] Since the charge which jumped out of the channel by dispersion after being excited in energy in 
the conventional channel hot electron impregnation was drawn near to a carrier trap side by electric 
field, the injection efficiency could not but be 1x10-6, and could not but be as low to 1 million pieces a 
rate as one piece. On the other hand, with the transistor structure concerning this operation gestalt, in 
channel hot electron impregnation, single or more figures injection efficiency has been improved, and the 
drawing speed below 10microsec has been attained. 

[0079] Furthermore, if distance from the channel length of a part by whom an electron is accelerated, 
i.e., the edge of the source impurity range 2, to level difference 1b is made short to 50nm or less, since 
it becomes less than [ it ], this distance's being comparable as the mean free path of a channel electron 
or the electron by which electric-field acceleration was carried out will carry out the electric conduction 
of the inside of a channel to tic [ BARISU ]. Since this BARISU tic electron is poured into a high speed 
in ballistic trajectory at a carrier trap, without being influenced of impurity scattering etc., injection 
efficiency is made further highly and data writing is accelerated. 

[0080] When considering drawing speed as present condition maintenance, it can come out enough by a 
certain amount of improvement in the speed, and, in a certain case, a channel formation field (a 
substrate or well) and gate inter-electrode applied voltage can be made into less than [ 10V ] by 
application of such transistor structure and the approach of writing in. When dividing electrical- 
potential-difference impression with a gate electrode, a substrate, or a well by the positive supply and 
the negative supply and performing it, it becomes possible to reduce operating voltage less than [ 5V ] 
in an absolute value. 

[0081] In order that the injection efficiency of a charge may increase, room to reduce the channel 
current at the time of writing is produced. Therefore, in the conventional channel hot electron 
impregnation, the juxtaposition writing collectively performed to the memory cell of a large number which 
were difficult, for example, were connected to the same word line by the limitation of the current drive 
capacity of a high-voltage circuit was attained. 

[0082] In addition, when it carried out about elimination by carrying out a block package by the charge 
drawing which used FN tunneling from the whole channel surface like usual, the erasing speed was 
100msec extent. 

[0083] 6th operation gestalt drawing 8 is the sectional view of the MONOS mold memory transistor 
concerning the 6th operation gestalt. 

[0084] The point that this memory transistor differs from the MONOS mold memory transistor of the 
5th operation gestalt greatly is that the gate electrode is divided into 1st gate electrode 8a by the side 
of the source, and 2nd gate electrode 8b by the side of a drain. 1st gate electrode 8a is countered and 
prepared in the part in which an electron is accelerated, i.e., the level difference 1b upper part, and 2nd 
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gate electrode 8b is mainly countered and prepared in the level difference 1b pars basilaris ossis 
occipitalis. 1st gate electrode 8a controls generation of the channel which mainly accelerates a charge 
at the time of writing, and 2nd gate electrode 8b controls the electric field which mainly pour in a charge. 
The nitride 12 and the top insulator layer 14 have not extended in the 1st gate electrode 8a side among 
the film which constitutes gate dielectric film 6. That is, only the bottom insulator layer 10 intervenes 
between 1st gate electrode 8a and channel formation field 1a. On the other hand, between 2nd gate 
electrode 8b and channel formation field 1a, the gate dielectric film 6 of a three-tiered structure 
intervenes like the 5th operation gestalt. The clearance between the 1st and 2nd gate electrodes 8a and 
8b is embedded by insulating-layer 9a, and sidewall insulating-layer 9b is formed in the lateral surface of 
the 1st and 2nd gate electrodes 8a and 8b, respectively. 

[0085] Of the ion implantation before and behind formation of this sidewall insulating-layer 9b, the 
impurity range of the LDD structure which consists of source drain impurity ranges 2 and 4 and LDD 
fields 2a and 4a is formed in the front face of a substrate 1. Moreover, it applies to level difference 1b 
from the LDD field 4a edge by the side of a drain, and the impurity range 3 of p mold is thinly formed in 
the front face of channel formation field 1a. in addition, this p type of an impurity range 3 and the 
above-mentioned LDD fields 2a and 4a — an indispensable configuration — 7 — it is — ** 
[0086] A sectional view shows an example of the manufacture approach of this MONOS mold memory 
transistor to drawing 9 (A) - drawing 10 (E). 

[0087] After forming an isolation insulating layer, a well, etc. in the front face of a semi-conductor 
substrate, level difference 1b is formed in the front face of a substrate 1 in drawing 9 (A). In formation 
of this level difference 1b, like illustration, after covering a part of substrate front face by the mask layer 
R1, for example, a resist, predetermined depth etching of the silicon front face which is not protected by 
the resist R1 by dry etching is carried out. Then, the ion implantation which used the same resist R1 as 
the mask layer is performed, and p mold impurity range 3 is formed in the pars basilaris ossis occipitalis 
and flank of level difference 1b which were formed. 

[0088] By drawing 9 (B), sequential membrane formation of the bottom insulator layer 10, a nitride 12, 
and the top insulator layer 14 is carried out by the same approach as the 1st operation gestalt after 
removing a resist R1. Then, after forming the pattern of the wrap mask layer R2, for example, a resist, 
for the part by the side of the pars basilaris ossis occipitalis, dry etching removes the top insulator layer 
14 and nitride 12 of resist R2 perimeter from level difference 1b. 

[0089] The electric conduction film which serves as a gate electrode by drawing 9 (C) after removing a 
resist R2, for example, doped poly-Si, Film 8c is deposited and the wrap mask layer R3, for example, a 
resist, is formed for the predetermined part of the level difference upper part from on the top insulator 
layer 14 which carried out pattern NINGU at the previous process, and a nitride 12. It is doped poly-Si 
of resist R3 perimeter, using this resist R3 as a mask. Film 8c is removed. Then, the ion implantation 
which used the same resist R3 as the mask layer is performed, and it is doped poly-Si. The low- 
concentration n mold LDD fields 2a and 4a are formed in the front face of the substrate 1 outside film 
8c. In front of this ion implantation or in the back, etching which used the resist R3 as the mask layer 
removes the bottom insulator layer 10 of a periphery. 

[0090] After removal of a resist R3, and at drawing 10 (D), it is doped poly-Si. The resist R4 which has 
opening which crosses the central part of film 8c is formed, doped poly-Si expressed from the opening 
by using a resist R4 as a mask The central part of film 8c is removed. Thereby, 1st gate electrode 8a 
and 2nd gate electrode 8b dissociate, and are formed. 

[0091] After removal of a resist R4, by drawing 10 (E), the insulator layer of for example, a silicon oxide 
system is deposited on the whole surface, and the perimeter of the 1 st and 2nd gate electrodes 8a and 
8b is covered on it with an insulating material, and the clearance between two electrodes is embedded 
with an insulating material on it. By performing whole surface anisotropic etching (etchback) in this 
condition, 1st and 2nd gate electrode 8a, insulating-layer 9a between 8b, and sidewall insulating-layer 9b 
are formed in coincidence. 
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[0092] As shown in drawing 8 , the ion implantation of the n mold impurity is carried out to high 
concentration by using the 1st and 2nd gate electrodes 8a and 8b and insulating layers 9a and 9b as a 
self-align mask, and the source and the drain impurity ranges 2 and 4 are formed. After that, a memory 
cell array is completed through many of the same processes as the 1st operation gestalt. 
[0093] Writing is made by setting up an electrical potential difference almost like the 5th operation 
gestalt to the memory transistor of such a configuration. Since it divides into 1st gate electrode 8a for 
channel formation, and 2nd gate electrode 8b for impregnation electric-field control with this operation 
gestalt and the gate electrode is prepared at this time, a program electrical potential difference can be 
set up separately. Therefore, there is an advantage which a bias setup at the time of writing tends to 
optimize. 

[0094] For example, the program electrical potential difference which impresses the program electrical 
potential difference impressed to 1st gate electrode 8a at the time of writing to 3V and 2nd gate 
electrode 8b is set as 5V. Thus, after optimizing the bias voltage at the time of writing, when it poured in 
directly by BARISU tic electronic conduction, it became possible to accelerate drawing speed below 
Imicrosec till about 100ns. 

[0095] 7th operation gestalt drawing 1 1 is the sectional view of the MONOS mold memory transistor 
concerning the 7th operation gestalt. 

[0096] The point that this memory transistor differs from the MONOS mold memory transistor of the 
6th operation gestalt greatly is having made the 8d of the 2nd gate electrodes for controlling charge 
impregnation electric field into the sidewall form. This became possible to make occupancy area of a 
transistor quite smaller than the case of the 2nd operation gestalt. The nitride 12 and the top insulator 
layer 14 which constitute gate dielectric film 6 in the insulating layer for 1st and 2nd gate electrode 8a 
and 8d are used with formation of the 8d of the 2nd gate electrodes of a sidewall form. Other 
configurations are fundamentally [ as the 6th operation gestalt ] the same. 

[0097] In addition, by having made the 8d of the 2nd gate electrodes into the sidewall form, from the 
case where the distance of the drain impurity range 4 and level difference 1b is the 2nd operation 
gestalt, it became near and formation of the part and a channel became easy. Therefore, in drawing 1 1 
R> 1, although p mold impurity range is not formed in the front face of channel formation field 1a, of 
course, p mold impurity range 3 may be formed like the 6th operation gestalt. Moreover, a LDD field may 
be prepared inside the source and the drain impurity ranges 2 and 4 like the 6th operation gestalt, 
respectively. 

[0098] A sectional view shows an example of the manufacture approach of this MONOS mold memory 
transistor to drawing 12 (A) - drawing 13 (D). 

[0099] First, as shown in drawing 12 (A), level difference 1b is formed in a substrate front face by the 
same approach as the 6th operation gestalt. Next, the electric conduction film used as the bottom 
insulator layer 10 and a gate electrode is formed, and pattern NINGU of the electric conduction film 
used as a gate electrode is carried out by etching which used as the mask the resist which is not 
illustrated. Thereby, 1st gate electrode 8a is formed in the predetermined location of the upper part of 
level difference 1b. 

[0100] By drawing 12 (B), sequential membrane formation of a nitride 12 and the top insulator layer 14 is 
carried out by the same approach as the 1st operation gestalt after removing a resist. 
[0101] Then, in drawing 13 (C), the electric conduction film used as a gate electrode is thickly deposited 
on the whole surface, and etchback of this is carried out. Thereby, the conductive layers 8d and 8e of a 
sidewall form are formed in the both-sides wall of 1st gate electrode 8a through a nitride 12 and the top 
insulator layer 14. 

[0102] In drawing 13 (D), sequential removal of the top insulator layer 14, the nitride 12, and the bottom 
insulator layer 10 expressing that perimeter is first carried out by using these conductive layers 8d and 
8e as a self-align mask. A 8d [ of conductive layers by the side of a level difference pars basilaris ossis 
occipitalis ] (2nd gate electrode) and 1st gate electrode 8a top is covered, and the mask layer R5, for 
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example, a resist, is formed. A resist R5 is etched into a mask, and conductive layer 8e of one of the 
two is removed, then sequential removal of the top insulator layer 14, a nitride 12, and the bottom 
insulator layer 10 is carried out. 

[0103] As shown in drawing 1 1 after removing a resist R5, the ion implantation of the n mold impurity is 
carried out to high concentration by using the 1st and 2nd gate electrodes 8a and 8d and insulator 
layers 12 and 14 as a self-align mask, and the source and the drain impurity ranges 2 and 4 are formed. 
After that, a memory cell array is completed through many of the same processes as the 1st operation 
gestalt. 

[0104] In the writing to the memory transistor of such a configuration, in spite of having prepared 
separately the gate electrode the object for channel formation, and for impregnation electric-field 
control, the occupancy area of the case of the 5th operation gestalt of drawing 7 and a transistor hardly 
changes. Therefore, there is an advantage that the detailed memory cell suitable for high integration is 
realizable. 

[0105] The electrical-potential-difference setting approach at the time of writing has the 6th operation 
gestalt and the high field strength of the longitudinal direction corresponding to the applied voltage of 
1st gate electrode 8a although it was fundamentally the same, since the insulator layer for 1st and 2nd 
gate electrode 8a and 8d was as thin as less than 10nm at the oxide-film reduced property in the case 
of this operation gestalt, and it acts so that the longitudinal direction electric field may assist 
impregnation of a carrier. For this reason, a charge is especially injected into the carrier trap near the 
corner part of level difference 1a efficiently. That is, compared with the transistor structure of the 6th 
operation gestalt, there is an advantage which can enlarge the ratio of the charge accumulated dose to 
the occupancy area of a gate electrode. Moreover, charge injection efficiency becomes higher by 
assistance of this longitudinal direction electric field, and it becomes possible to gather that part and 
drawing speed. 

[0106] 8th operation gestalt drawing 14 is the sectional view of the MONOS mold memory transistor 
concerning the 8th operation gestalt. 

[0107] The point that this memory transistor differs from the MONOS mold memory transistor of the 
7th operation gestalt greatly is to have not prepared the level difference in channel formation field 1a of 
a substrate. Therefore, the impregnation method itself is source side impregnation fundamentally. Other 
configurations are fundamentally [ as the 7th operation gestalt ] the same. With this operation gestalt, 
the gate electrode is divided and formed in the impregnation electric-field control for channel formation 
like the 7th operation gestalt. Moreover, in this operation gestalt, drawing speed was accelerated to 
1 microsec, and operating voltage is low-battery-ized to 7V. For that purpose, as compared with a well- 
known example, the bottom insulator layer 10 is set to 4nm or less among gate dielectric film 6, and 
elimination is performed by drawing out an electron in the direction of a channel. 

[0108] In addition, since what is necessary is just to skip the formation process of a level difference in 
the manufacture approach of the 7th operation gestalt about the manufacture approach, explanation 
here is omitted. 

[0109] Writing is made by setting up an electrical potential difference almost like the 7th operation 
gestalt to the memory transistor of such a configuration. For example, the program electrical potential 
difference which impresses the program electrical potential difference impressed to 1st gate electrode 
8a at the time of writing to 5V and 2nd gate electrode 8b is set as 7V. Thus, after optimizing the bias 
voltage at the time of writing, it writes in by channel hot electron impregnation. 

[01 10] With this operation gestalt, since it divides into 1st gate electrode 8a for channel formation, and 
2nd gate electrode 8b for impregnation electric-field control and the gate electrode is prepared like the 
7th operation gestalt, a program electrical potential difference can be set up separately. Therefore, 
there is an advantage which a bias setup at the time of writing tends to optimize. Moreover, in spite of 
having prepared separately the gate electrode the object for channel formation, and for impregnation 
electric-field control, the occupancy area of the case of the 5th operation gestalt of drawing 7 and a 
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transistor hardly changes. Therefore, there is an advantage that the detailed memory cell suitable for 
high integration is realizable. 

[01 1 1] Below, other operation gestalten about the structure of a memory cell eel array configuration, a 
memory cell, and a memory transistor are explained. 

[01 12] The memory cell and memory cell array concerning the 9th operation gestalt book operation 
gestalt are the separation source line NOR mold with which the bit line and the source line were 
hierarchized. The circuitry of this NOR mold memory cell array is shown in drawing 1 5 . Moreover, the 
bird's-eye view which looked at the top view of this NOR mold memory cell array to drawing 1 6 at 
drawing 1 7 from the cross-section side met on the B-B' line of drawing 1 6 is shown. 
[01 13] With this nonvolatile memory equipment, a bit line is hierarchized by the main bit line and the 
subbit line, and the source line is hierarchized by the main source line and the subsource line. The 
subbit line SBL1 is connected to the main bit line MBL1 through the selection transistor S1 1, and the 
subbit line SBL2 is connected to the main bit line MBL2 through the selection transistor S21. Moreover, 
the subsource line SSL 1 is connected to the main source line MSL1 through the selection transistor 
S12, and the subsource line SSL 2 is connected to the main source line MSL2 through the selection 
transistor S22. 

[0114] Between the subbit line SBL1 and the subsource line SSL 1, parallel connection of the memory 
transistor M11-M1n (for example, n= 128) is carried out, and parallel connection of the memory 
transistor M21-M2n is carried out between the subbit line SBL2 and the subsource line SSL 2. The unit 
block which constitutes a memory cell array is constituted by this n memory transistor each other 
connected to juxtaposition, and two selection transistors (S11, S12, or S21 and S22). 
[0115] Each gate of the memory transistors M1 1 and M21 and — which adjoins in the direction of 
WORD is connected to the word line WL1. Similarly, each gate of the memory transistors M12 and M22 
and — is connected to a word line WL2, and each gate of memory transistor M1n, M2n, and — is 
connected to the word line WLn. The selection transistor S1 1 and — which adjoin in the direction of 
WORD are controlled by the selection line SG1 1, and the selection transistor S21 and — are controlled 
by the selection line SG21. Similarly the selection transistor S12 and — which adjoin in the direction of 
WORD are controlled by the selection line SG12, and the selection transistor S22 and — are controlled 
by the selection line SG22. 

[01 16] In this detailed NOR mold eel array, as shown in drawing 17 , W is formed in the front face of the 
semi-conductor substrate SUB p wells. Insulating separation of the W is carried out in the direction of 
WORD p wells by the isolation insulating layer ISO which came to embed an insulating material at a 
trench and has been arranged in the shape of an parallel stripe. 

[01 17] the isolation insulating layer ISO dissociated — a part serves as an active region of a memory 
transistor p well each. On crosswise both sides in an active region, n mold impurity is introduced into 
high concentration in the shape of [ which kept a mutual distance ] an parallel stripe, and, thereby, the 
subbit lines SBL1 and SBL2 (the following, SBL, and notation) and the subsource lines SSL1 and SSL2 
(the following, SSL, and notation) are formed. "The 1 st impurity range" and the subsource line SSL 
correspond [ the subbit line SBL ] to "the 2nd impurity range." It intersects perpendicularly through an 
insulator layer on the subbit line SBL and the subsource line SSL, and each word lines WL1, WL2, WL3, 
and WL4 and — (the following, WL, and notation) are wired at equal intervals. These word lines WL touch 
the interior on W and the isolation insulating layer ISO p wells through the insulator layer including a 
charge storage means. The subbit line part between the subbit line SBL and the subsource line SSL 
which touches the channel formation field by the amount of [ the part of W and / with each word line 
WL ] intersection becoming the channel formation field of a memory transistor functions [ the amount of 
drain and subsource line part ] as the source p wells. 

[01 18] The top face and side attachment wall of a word line WL are covered with the offset insulating 
layer and the sidewall insulating layer (good also in the layer insulation layer usual in this example). The 
bit contact BC which reaches the subbit line SBL at intervals of predetermined, and the source contact 
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SC which reaches the subsource line SSL are formed in these insulating layers. These contacts BC and 
SC are formed for every 128 memory transistors of the direction of a bit. Moreover, the main bit lines 
MBL1 and MBL2 which contact on the bit contact BC, — , the main source lines MSL1 and MBL2 and — 
which contact on the source contact SC are formed in the shape of an parallel stripe by turns in the 
insulating-layer top. 

[01 19] The 1st highway (bit line) and the 2nd highway (source line) are hierarchized, and this detailed 
NOR mold eel array does not need to form the bit contact BC and the source contact SC for every 
memory cell. Therefore, there is no variation in the contact resistance itself fundamentally. Although 
they are formed for every 128 memory cells, when not performing this plug formation in self align, an 
offset insulating layer and the sidewall insulating layer of the bit contact BC and the source contact SC 
are unnecessary. That is, after depositing the usual interlayer insulation film thickly and embedding a 
memory transistor, opening of the contact is carried out to the usual photolithography by etching. 
[0120] Since there was almost no space useless as false contact loess structure which constituted the 
subbit line and the subsource line from an impurity range, when each class is formed with the minimum 
line width F of a wafer process limitation, it is 8F2. It can manufacture in a near, very small eel area. 
Since an electron can be independently poured into two in one memory cell with this operation gestalt 
at high speed, the eel area per bit is 4F2. It becomes. Moreover, since the source line is separated, page 
writing is also attained. Furthermore, in order that the bit line and the source line may be hierarchized 
and the selection transistor S1 1 or S21 may separate the juxtaposition memory transistor group in a 
non-choosing unit block from the main bit lines MBL1 or MBL2, the capacity of the main bit line is 
reduced remarkably and is advantageous to improvement in the speed and low-power-izing. Moreover, 
by work of the selection transistors S12 or S22, a subsource line can be separated from the main 
source line, and can be low-capacity-ized. In addition, for the further improvement in the speed, it is 
good to form the subbit line SBL and the subsource line SSL in the impurity range on which silicide was 
stuck, and to consider the main bit line MBL and the main source line MSL as metal wiring. 
[0121] The memory cell and memory cell array concerning the 10th operation gestalt of the 10th 
operation gestalt are the detailed NOR mold which used the self-align technique and the meandering 
source line. Drawing 18 is the outline top view of the NOR mold eel array concerning the 10th operation 
gestalt. 

[0122] At this NOR mold eel array, the isolation insulating layer ISO which becomes the front face of p 
wells from vertical band-like a trench or LOCOS etc. is arranged in the direction of a bit (lengthwise 
direction of drawing 18 ) at equal intervals, the isolation insulating layer ISO — almost — intersecting 
perpendicularly — each — word line WLm-2, WLm-1, WLm, and WLm+1 It wires at equal intervals. The 
laminated structure containing this word line consists of the bottom insulator layer, a nitride, a top 
insulator layer, and a cascade screen of a gate electrode like the above-mentioned operation gestalt. 
[0123] the active region in spacing of each isolation insulating layer — setting — alienation of each 
word line — for example, n mold impurity is introduced into high concentration, and the source impurity 
range S and the drain impurity range D are formed in the tooth space by turns. That magnitude is 
specified in the direction of WORD (longitudinal direction of drawing 1 8 ) only at intervals of the isolation 
insulating layer ISO, and this source impurity range S and the drain impurity range D are prescribed in 
the direction of a bit by only WORD line spacing. Therefore, the source impurity range S and the drain 
impurity range D are extremely formed in homogeneity from the error of mask alignment hardly being 
introduced about dispersion in the magnitude and arrangement. 

[0124] The perimeter of each word line only forms a sidewall insulating layer, and it is formed to the 
source impurity range S and the drain impurity range D, diverting the self aryne contact technique in 
which the contact hole for bit line connection and the contact hole for source line connection are 2 
times to coincidence. And the above-mentioned process becomes unnecessary [ a photo mask ]. 
Therefore, as stated previously, the magnitude of the contact hole the bit line with which the magnitude 
of the source impurity range S and the drain impurity range D and arrangement carry out self align two- 
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dimensional, and are formed in a uniform top to this, or for source line connection also serves as 
homogeneity extremely. Moreover, the above-mentioned contact hole has the almost maximum 
magnitude to the area of the source impurity range S and the drain impurity range D. 
[0125] Source line SLn-1 currently wired in the direction of a bit on it, SLn, and SLn+1 (the following, 
SL, and notation) are meanderingly arranged on the isolation insulating layer ISO and the source impurity 
range S, avoiding the drain impurity range D, and they are connected to each lower layer source impurity 
range S through the contact hole for the above-mentioned source line connection. On the source line 
SL, bit line BLn-1, BLn, and BLn+1 (the following, BL, and notation) are wired at equal intervals through 
the 2nd interlayer insulation film. This bit line BL is located above an active region, and is connected to 
each lower layer drain impurity range D through the contact hole for bit line connection. 
[0126] By such eel pattern of a configuration, as described above, formation of the source impurity 
range S and the drain impurity range D cannot be easily influenced of mask alignment. Moreover, the 
contact hole for bit line connection and the contact hole for source line connection Since the abrupt 
diversion of the self aryne technique of 2 times is carried out and it is formed, a contact hole does not 
serve as a limit element of eel reductions of area. 6F2 since source wiring etc. is made in the minimum 
line width F of a wafer process limitation and there is moreover almost no useless space A near, very 
small eel area is realizable. Being able to pour in an electron independently of [ in one memory cell ] two 
places, the eel area per bit is 3F2 in this case. It becomes. 

[0127] The 11th operation gestalt of the 11th operation gestalt is related with the non-volatile 
semiconductor memory (henceforth Si nano crystal mold) using Si nano crystal insulated mutually [ a 
large number which are embedded into gate dielectric film as a charge storage means of a memory 
transistor, for example, have the particle size of 10 nanometers or less ]. 

[0128] Drawing 19 is the sectional view showing the component structure of this Si nano crystal mold 
memory transistor. Si nano crystal mold nonvolatile memory of this operation gestalt differing from the 
previous 5th operation gestalt is that the gate dielectric film 30 of that a charge storage means is the 
nano crystal 32 and this operation gestalt consists of a bottom insulator layer 10 by which the Si nano 
crystal 32 was formed in the top face, and an oxide film 34 on it. Other configurations are the same as 
that of the 5th operation gestalt. 

[0129] The size (diameter) is desirable, the Si nano crystal 32 is about 10nm or less, for example, 4.0nm, 
and each Si nano crystals are spatially separated by the oxide film 34 at intervals of about 4nm. The 
bottom insulator layer 10 in this example is relation close to a substrate side, and its charge storage 
means (Si nano crystal 32) is a little thick, and can choose it from the 5th operation gestalt suitably by 
within the limits from 2.6nm to 5.0nm according to a use application. Here, it considered as about 4.0nm 
thickness. 

[0130] In manufacture of such a memory transistor of a configuration, much Si nano crystals 32 are 
formed on the bottom insulator layer 10 by after membrane formation of the bottom insulator layer 10 
(for example, a plasma-CVD method). Moreover, an oxide film 34 is formed by LP-CVD like 7nm so that 
the Si nano crystal 32 may be embedded. In this LP-CVD, the mixed gas of DCS and N2 O and 
substrate temperature may be [ material gas ] 700 degrees C. At this time, the Si nano crystal 32 is 
embedded at an oxide film 34. When flattening is required, it is good to newly perform planarizing 
processes (for example, CMP etc.). Then, the gate electrode 8 is formed and the Si nano crystal mold 
memory transistor concerned is completed through the process which carries out pattern NINGU of the 
gate cascade screen collectively. 

[0131] Thus, the formed Si nano crystal 32 functions as a carrier trap discretized in the direction of a 
flat surface. The trap level can be presumed with a band discontinuity value with surrounding silicon 
oxide, and is set to about 3.1 eV with the estimate. Each Si nano crystal 32 of this magnitude can hold 
some impregnation electrons. In addition, the Si nano crystal 32 may be made still smaller, and a single 
electron may be made to hold to this. 

[0132] About Si nano crystal mold nonvolatile memory of such a configuration, the back tunneling model 
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of land KISUTO examined the data-hold property. In order to raise a data-hold property, it becomes 
important to make trap level deep and to enlarge distance of a charge center of gravity and the semi- 
conductor substrate 1. Then, the simulation which used the land KISUTO model for the physical model 
examined the data-hold in the case of 3.1 eV trap level. Consequently, by using the deep carrier trap of 
3.1 eV trap level showed that good data-hold was shown, even when the distance from a charge 
maintenance medium to channel formation field 1a was as near as 4.0 nm in comparison. 
[0133] The 12th operation gestalt of the 12th operation gestalt is related with the non-volatile 
semiconductor memory (henceforth a detailed division FG mold) using the detailed assembled-die 
floating gate of a large number which it was embedded into the insulator layer as a charge storage 
means of a memory transistor, and were separated mutually. 

[0134] Drawing 20 is the sectional view showing the component structure of this detailed division FG 
mold memory transistor. The detailed division FG mold nonvolatile memory of this operation gestalt 
differing from the previous 5th operation gestalt is that the gate dielectric film 40 of that a charge 
storage means consists of the detailed assembled-die floating gate, that the memory transistor is 
formed in a SOI substrate, and this operation gestalt consists of a bottom insulator layer 10 by which 
the detailed assembled-die floating gate 42 was formed in the top face, and an oxide film 44 on it. Other 
configurations are the same as that of the 5th operation gestalt. This detailed division floating gate 42 
corresponds to the example of "the diameter conductor of a granule" as used in the field of [ crystal / 
32 / of the previous 1 1th operation gestalt / Si nano ] this invention. 

[0135] The SIMOX (Separation by Implanted Oxygen) substrate which carried out the ion implantation of 
the oxygen ion to the silicon substrate at high concentration, and formed the embedded oxide film in the 
part deeper than a substrate front face as a SOI substrate, the lamination substrate which formed the 
oxide film in one silicon substrate surface, and was made to rival other substrates are used. The SOI 
substrate which it was formed by such approach and shown in drawing 20 consists of a support 
substrate 46, a separation oxide film 48, and a silicon layer 50, and channel formation field 1a, the 
source impurity range 2, and the drain impurity range 4 are formed in the silicon layer 50. In addition, a 
glass substrate besides a semi-conductor substrate, a plastic plate, silicon on sapphire, etc. may be 
used for the support substrate 46. 

[0136] As for the detailed division floating gate 42, the height processes the floating gate of the usual 
FG mold into the Pori Si dot to 8nm with a detailed diameter by about 5.0nm. although the bottom 
insulator layer 10 in this example is a little thicker than the 1st operation gestalt, it is markedly boiled 
compared with the usual FG mold, is formed thinly, and can be suitably chosen by within the limits from 
2.5nm to 4.0nm according to a use application. Here, it considered as the 2.5nm thinnest thickness. 
[0137] In manufacture of such a memory transistor of a configuration, after forming the bottom insulator 
layer 10 on a SOI substrate, the polish recon film (the last thickness: 5nm) is formed on the bottom 
insulator layer 10 with LP-CVD method. In this LP-CVD, the mixed gas of DCS and ammonia and 
substrate temperature may be [ material gas ] 650 degrees C. Next, for example, an electron-beam- 
exposure method is used, and a diameter processes the polish recon film into the Pori Si dot detailed 
[ to 8nm ]. This Pori Si dot is the detailed assembled-die floating gate 42 (charge storage means). Then, 
an oxide film 44 is formed by LP-CVD like 9nm in the form which embeds the detailed assembled-die 
floating gate 42. In this LP-CVD, the mixed gas of DCS and N2 O and substrate temperature may be 
[ material gas ] 700 degrees C. At this time, the detailed assembled-die floating gate 42 is embedded at 
an oxide film 44. When flattening is required, it is good to newly perform planarizing processes (for 
example, CMP etc.). Then, the gate electrode 8 is formed and the detailed division FG mold memory 
transistor concerned is completed through the process which carries out pattern NINGU of the gate 
cascade screen collectively. 

[0138] Thus, as a result of making a component as an experiment and evaluating a property about the 
floating gate being divided minutely using a SOI substrate, it checked that a good property as expected 
was acquired. 
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[0139] In the 1st described beyond the modification - the 12th operation gestalt, various deformation is 
possible. 

[0140] Although not illustrated especially, this invention is applicable to various NOR mold eels, such as 
a detailed NOR mold eel which consists of eel arrays of a DINOR mold and the separation source mold 
shared between two source fields which are called the so-called HiCR mold and adjoin a source line. 
[0141] gate dielectric film since "the charge storage means discretized superficially" in this invention 
contains the carrier trap formed a carrier trap and an oxide film, and near a nitride interface nitride bulk 
— NO (Nitride-Oxide) the film — this invention is applicable even if it is an MNOS mold. 
[0142] This invention is applicable also to the nonvolatile memory of the embeded mold integrated on 
the same substrate as a logical circuit besides the nonvolatile memory of a stand-alone type. In addition, 
using a SOI substrate like the 12th operation gestalt overlaps the memory transistor structure of the 
1st - the 1 1th operation gestalt, and it is applicable. 
[0143] 

[Effect of the Invention] According to the non-volatile semiconductor memory concerning this invention, 
and its drive approach, while an acceleration charge maintains momentum (a direction and magnitude), 
as a result of being poured into a high speed at a charge storage means, high drawing speed can be 
obtained efficiently. Moreover, a gate voltage setup for obtaining high drawing speed from having the 1st 
and 2nd gate electrode, for example as the object for channel formation and an object for impregnation 
electric-field control is easy. Furthermore, the application of the writing which is two or more bits with 
dependability and endurance high since it eliminates by electronic drawing is easy, and also has the 
advantage of being easy to reduce bit cost. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing the outline configuration of the source separation NOR 
mold memory cell array of the non-volatile semiconductor memory concerning the 1st operation gestalt. 
[Drawing 2] It is the outline top view of the NOR mold memory cell array concerning the 1st operation 
gestalt. 

[Drawing 3] It is the perspective view seen from the cross-section side which met the A-A' line by the 
memory cell array of drawing 2 concerning the 1 st operation gestalt. 

[Drawing 4] It is the sectional view showing the component structure of the MONOS mold memory 
transistor concerning the 1st operation gestalt. 

[Drawing 5] It is the circuit diagram showing the outline configuration of the imaginary earth NOR mold 
memory cell array of the non-volatile semiconductor memory concerning the 2nd operation gestalt. 
[Drawing 6] It is the sectional view showing the example of component structure of the memory 
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transistor concerning the 4th operation gestalt. 

[Drawing 7] It is the sectional view showing the component structure of the MONOS memory transistor 
concerning the 5th operation gestalt. 

[Drawing 8] It is the sectional view showing the component structure of the MONOS memory transistor 
concerning the 6th operation gestalt. 

[Drawing 9] In manufacture of the MONOS memory transistor concerning the 6th operation gestalt, it is 
a sectional view after LDD field formation. 

[Drawing 10] It is the sectional view after separating the gate electrode following drawing 9 and forming 
an insulating layer in an end face. 

[Drawing 1 1] It is the sectional view showing the component structure of the MONOS memory transistor 
concerning the 7th operation gestalt. 

[Drawing 12] In manufacture of the MONOS memory transistor concerning the 7th operation gestalt, it 
is a sectional view after membrane formation of gate dielectric film. 

[Drawing 13] It is the sectional view after removing sidewall form conductive layer of one of the two 
following drawing 12 . 

[Drawing 14] It is the sectional view showing the component structure of the MONOS memory transistor 
concerning the 8th operation gestalt. 

[Drawing 15] It is the circuit diagram showing the configuration of the NOR mold memory cell array 
concerning the 9th operation gestalt. 

[Drawing 1 6] It is the top view of the NOR mold memory cell array concerning the 9th operation gestalt. 
[Drawing 17] In the NOR mold memory cell array concerning the 9th operation gestalt, it is the bird's- 
eye view seen from the cross-section side which met the B~B' line of drawing 1 6 . 
[Drawing 18] It is the top view showing the outline configuration of the detailed NOR mold eel array 
concerning the 10th operation gestalt. 

[Drawing 19] It is the sectional view showing the component structure of Si nano crystal mold memory 
transistor concerning the 1 1th operation gestalt. 

[Drawing 20] It is the sectional view showing the component structure of the detailed division FG mold 
memory transistor concerning the 12th operation gestalt. 
[Description of Notations] 

1 — A semi-conductor substrate or a well, 1a — A channel formation field, 2, S — Source impurity 
range (the 2nd impurity range), 4 D — A drain impurity range (the 1st impurity range), 6, 30, 40 — Gate 
dielectric film, 8 [ — Top insulator layer, ] — A gate electrode, 10 — A bottom insulator layer, 12 — A 
nitride, 14 32 — 34 Si nano crystal, 44 — An oxide film, 42 — Detailed assembled-die floating gate, 46 - 

- A semi-conductor substrate, 48 — A separation oxide film, 50 — A silicon layer, 60 — n well, 61 — p - 

- a well, an ISO — isolation insulating layer, and PW — p — a well, and M1 1 - an M22 — memory 
transistor — S1 1, ST0 grade [ — A subbit line, SL1 grade / — A source line, MSL / — A main source 
line. SSL1 grade / — A subsource line, WL1 grade / — A word line BC / — Bit contact SC / — 
Source contact. ] — A selection transistor, BL1 grade — A bit line, MBL1 grade — A main bit line, SBL 
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SSTtt, SBl^tt««*ffl!lO»iy-h«S, SS2^F 

MMMtiiog 2 y- vnmm\* toRttsnT^*. 
*>-n>. iiy-hfffi«^-h«»« (seiy-h 

JOUR) rtC«W#«#a*J§Jjj)6bite^-C«fc^OT, R 

iy-Mfi»»*»<bTina«»***<T**. s 30 

[0 0 19] *58^©3B4©«^K:ffS^»56tt i l £ «fr 

Y*;u»isfi*±»c»^e>nfcy-hiie»ist. urny 
-M»»«±cKttenfcy-h«st, ±iey-h« « 

as*, ^s£##Lfctt»T±E«fiMfcsnfc«fflf 
ii?articaAt§. ffiic. ##ii*©i£ic. rat 

S«^I£<7>SS 1 7M4feR*ff£R2 7K«riH*fl£2k£ 
£iiiKUT##a*£fT3. K*HJ1/TI4, #R£. St 



fc, mi, »2>Ftt«««MO«JEEa«ni*lRl*ft«i). Bf 
Jt©ffc*tfcll/FU-f >REE£WifflU y-hWi 
fcBf«OK*ttlLy-h«£EftWillT*. RRbfvh© 

SRI, R2=F*6 

Ess 1 is «k # / * fc 12$ 2 ^MfeRtttito* esAsni 
<. 

[0 0 2 0] *56^©SB5©«j*iK«*^fPf6tt¥*# 
ERSROKlfcfriSfctt, SKffl&waffifctStt 

**;p»j«fi«±k:tt»t6nfcy--h«aMit, a«y 
-h«6^M±(c^tte»nfcy-h«ffii, ±Ey-h«e 

Rj*#fflKRRfcsnTi**R»»R*R£<£*rr** 

±e^ +• *)iMj&m.i$. \z t * fc -v * ;u « x-m# « 

Sit, A* U X^y ^tt«ae»S*ft«JB LT±ESI» 
[0 0 2 1 ] #S691©R6©«£fc«**»5Ste¥3Mt: 

ttHW >£&*Rl*J:tfR2*IMrtMt£, ±E^ 

**;u»j*R*±fcRtt&nfcy-hi»*R£:, si*y 

-htt»W±CKlt6nfcy-N*St. ±Ey-M» 

*»tt*MM*E«RR©»»#ftT*oT, ifjfWtc. 
2 X.ffi3*mM fc «fc 0 f6£ L * bxut7ba>&±.to 

mmt s nfe«^f#«^©rt tea at 3 . 

[0 0 2 2] *%«0tt7 0ttA£ffS?*X1£¥*tt 
ttFlH'>£fc4Rl*«ktf« 2 ±E^ 

-Me«w!t±fcia:Jt6nfcy-h«st. ±Ey-h» 

[0 0 2 3] *5B^©*8©«/SlCi«S^#a6tt¥*ft 



¥i ffl 2001-1 6821 9 (P2001-168219A) 



(7) 

// 

f&mmzttfaistzMft&&&mmijfaiztemt2nT± 
tey- bmmmwzMf&zn, mft*$iz?-**)v&y b 

jc # / s & 2 ^FM*M«fiij^ e. a a $ ti±tmm m 
m^mz^-^^)v^\^<D-^m^tz\tmmz^^nx 

\Z «k 0 flS'J ic * 3 H tt— g L TS«»C 5 1 < ft < . 
[0 0 2 4] Sg4~aS7©*^C«S^»5ett¥#«:aE 

mffiftx. 2#.wmmm*y bx.va hu>&A%tzi$ 20 

aA^siasaiR-r* 

mfc*¥\zx vk.m&m\ft**-)w%mz&m-irz>z\t 30 

K±K:S<bll)ISfca*Ybafl:Bt*-&trMONOsa!*fc 
BMNOSS*. »*tf>«y-htt«ftrtT#hAtt» 

[0 0 2 5] 

ant xmrnonfoMBizmzv— xm^mNORm 

[0 0 2 6] ICTffSiStt^t'JSiTIi, NORI/ 

iTlslcSntus. Sitc^fi^tr. ^'J b?> 
vX^Ml 1~M 2 2 3&»fr?d*tCEjian, itlbh? 

^t'J h7>yX^M2 lfci(JtM2 2®SHK>^ so 



A? 

£y hgBL 2 C&^£ft, #V-X^V-AHSL2 
h7>vX?M 1 1 tM2 1 H*t7— h'iWL 

7>y73'Ml 2£M2 2 <D#y— h**7— KUWL 2 

[0 0 2 7] B2(l iliWIti^WNORl 
t;V7W ©SlfflS¥®0TS«>. Sfc. i3ll 0 2 0 
A- A' »C»T3&K®ffla»5JI&JftMteiT»S. 

[0 0 2 8] ^OWNORi^t'JWKTIt 
0 3 IZ^T^oiZ. nI*fcttpS©**#S«SUB 

(n^x;i/^fc(ip^x;i/TfcpI) ©affile M^>^* 
&ttLOCOSfc£j&*5*^#«ie»« i so*«^ 

ntV^, 5SH^8§*eig:Ji I SOB, m2\Zin-t^o 
\Z, bf^h*[p] (02Oif^rfi]) (Cftl^fTX h^-f 7° 

ttcEisnTtJ*. m^ftMm&m i soK««itx 

LT, &7-HiWLl, WL2, WL3, WL4, - 

#hA£»iiK, mtm, by •7m&mfr%ts.% 
y-btmmt. y-bmmt^mm^-^xm^nx 

[0 0 2 9] #«?^NIMSftJI I SO(Dffil«rt©|g»)^ 
WZ&^X. & t 7—F&<DMmZ'<—7>lZ. 0 1 

tmmnma^mm^mmzmA-ztiTv-tt&i® 
mm m 2 stnn m 1 

**GWffi«) D£j&*xsi;:»j«SftT^*. :©y-7 
?Mti«S t H ^^FMii^Dtt. ^-©A££^ 
7-h*#|S] (B2CD#^f6)) icttft^fet&ttfil I SO 

U-f >**fi*bffi*Dtt. ^CDA#$igB«©«?.^#lc 

[0 0 3 0] »7-Hi»0±«*S«t^fflfitt. 

f^to-fe. 7-WWL1, WL2, -CD 

±mzmcn^-yizx^-y±y bmmmtfmmzn, 
*y-ty bmmm. f©T®y-hti C7-h«) * 
«fc c/y- h e ^ * ffi* a ^ - > © mfiijs tc . -y- 

[0 0 3 1 ] V-^^iW»fi*S*fctth*l'-f >^««J 

6b§^3>^? b*-)ifo*®tt)&ts£oizmnMn 
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[0 0 3 2] B*L£W»»KT!3>i^ h«H»IH]gP 
a«IiMi*ftTHS. ^ojg»^±^, fry N3>^ 

hBC_h(Cjg*-f St'y hiBL 1 , BL 2, -t. V 
-X3>*2? hSC±tC««f 1, SL io 

2, -^si;, spfr^ h7-fy«n»j«anT^*. 

[0 0 3 3] KDStiNORft^TU-fH -?-(Z)tfy 
h»t:fcttv-xSfc:*tT*3>*^ §B8 

h-SCcDPf&te, £eDaEfi£3>*£ h*-;p 

[0 0 3 4] hn>^^ hBCSfc«y-X3>3 7 

(17^7?) zftorcrtx*^ w*-)M&mm& 

IS#©*/h««FTfT^&*£, 8F2 lcjfit»*1|»c/h 
[0 0 3 5] B4li, ^ilSg^SIKfll-SMONOSS* 

[o o 3 6] nm \tnm$.tzizpm<Dmmm w 

[0 0 3 7] V-^^M«fH«2*«fcr;KU-f >^«» 
ffi«4(i, ^**)lMl&m%Ll aifitiffl^^ so 



*«i*^1H«T*t), i§#> V— 

2 sue h p-f 4 *)VM&.m 

#1 atcBatf*}g«ffiftet;:. LDD (Lightly DopedDr 
a in) t«-r*<£«««**AfBS-&*Jlt***^. 
[0 0 3 8] ft^M*««la±l:, y-MS*K 

5F*6»**jis»af Jc*AsnT**<bsnfcsj« u -> u 3 > 

(doped poly-Si) , XHdoped poly-Si fMfflLfi.5kMi/ 

*;k£ifij©gs (y-hfi) «, o. 2 5mitirt. fc 
[0039] *mffi.Mmiz&ifz>y'- bmmm 6 «, t 

H^&ISiC. 3j5hA*fiaiRl 0, g«12, h-y^S6 
Mil 4^e»*ksnT^-5. jtfhAflMMItl Ott. 

#b&mm&i oommit. &mm&\zfoVT2. on 

«5. 0nml:^3nT^5. 
[0 0 4 0] ^{kMl 2(S. 0nm©tfcy 
U3> (SixNy (0<x<l, 0<y<l) ) 
5i«SftT^5. dWS<b^l2tt. fctA^MEC 
VD (LP-CVD) CktJf^HSn. Itl:*t'J7 
h77^ s #<t*n. Zf—)V7 U>dr)VM (PFi) 

[0041] h y y&i&igi i 4 a, mtm i 2 i®M 

fiE$ta^.o h'y^ilHSHTO (High Tern 

perature chemical vapor deposited Oxide) ^CJc D ^ 

figbfcs i 02 mtvxh^K hvzfmmWii 4&c 

j*sft*. bv/mmmi 4 (Dmmte, 7- b mm 8 
%(Dfc-)i<D&A&&mzm±vT : r—?9m'Biw&m 

b<tt3. 5nmHJ:«fcJ6^. :iT11 byZf 
ffi^Kff&3. 5nmit5. 
[0 0 4 2] ^©.t^^^W^^E'J h^>> J X^CDS 

III SO. #x;PW£JgJ*U b^^ilEilffl© 
-f *>ffiX*S^SKJ6i;TfT-3fc«K, y- 

S (RTOS) CiOlOOOt, lOsecOMI 
SrrrtV ift<b->Ua>gt (^hA^6»l«10) Sr^figT 
5. O^tC, #hAl6gIl 0±{CLP-CVDffitCJ: 
0S5ft;v'j3>|R (afKKl2) «»WJJW5nm 

it. tctXU. yfUD->7> (DCS) i7>^xT 
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htzmt^v?>m%m&mmim\z£vmitLT, tz 

£;Ltf3. 5 nm©Kft>'>j3>K ( h y ^JftiRIR 1 

4) *»js-r*. JirosftK^a. ^t^«H 2 o-#am 

g) #2. 0 e vaTOiSO»^*t U 7 h 7 y ^ 
*<J1~2X 1 Ol3/cm2 0||TMStl5. 
gfcKl 2*11 nm£*tU»Rfl:>''J=i>l|{ (hy^lfi 
»Rl4)*«ttl. 6nmM^n, CCi^TT*© 

a<bKJS*««^b, ssYbiat 1 2 ommmmw 5 nmi& 10 

[0 0 4 3] V- tfcSiiMS. *7-t>y h*g 

2, 4*, -f 

[0 0 4 4] HSC^t'Jt^Hiltt 

^fi±[)!|<H>T«*«*2, 4)±tch'-yhn> 

1. -*»JfcLfc«, #Sfc*CTfT5«m*MkJi*d' 

[0 0 4 5]t3^(c, £0j:3ttttj£a>;T:*3M£> : EU so 
■R«t4. 2 

■6»4Ufc«^*««jnc±-DT±Kaii*rtifciiDas 

[0 0 4 6] H4fc*HT. tztXM. 

V-^3FM»flH«2lC0V. 

3. 3 V. y-Ntt@8K5V, £x;H K 3 V£EP2jn 



(*t | j7h777') taAsn*. cot 
[0047] mz-mwit. ;M7^fi««#)&»Ktt 

«. h* W >*tt»«*U &8»LfctttBT. 7-X* 
NMMK2IC1. 5V, y*-hfl;ffi8 fc2 v£E=pjjnT 

[0 0 4 8] ?Nf£T«. ^r^l^H^S. 
l"f >3FM*ffl* 4 MA»& F N h 'J fcttB« 

[0 0 4 9 ] Z\in\znV. \ J e.)Vn\z2¥vVv> : T-5> 

*E«-r*fc»»c, t*t«fft©y-7Tii!*i«i! 

KfcEI«&:»#&*£fT'3»&. C© 2 0 

■s. cntcjco, 1 mstmmu2'Am^mm^j-7. 
^fm^mmm^zK), ^vrzm^nmmm^m(o 

S63«*£©nM;:ttsfcy hXU* h D >*t&A£nft^ 
[0 0 5 0] ®3«*C«#Snfc*?lff©a*ffiUi, 

iicR*m-r^t**T**. ffifflbfc*i»tt 

SSrff'Stt^tt. V-Z45«fctfFU-f 2, 
4 5^(ca^t|g*{4tT^C,i:T. Mlffi^{B'J<i:m3 

[0 0 5 1 ] «€r&*tt«U iittiC^t'Jh^^y 
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ONOSI^t'J h7>vX^tCj3t^^TK*J±ibB#©/1 

feffMSUfc**, 3 x l 08 sec EJUtf^lfflllliStfcT?*) 

[0 0 5 2 ] x-^«&7LIUS&«. +tU7h77^ 
£raWC«tMbSftTV>*fc*K&#T, 1X106 HI 
S«tJE-r-6i:t!0«»^ofc. fr-^f^fttel 
x 1 06 0<D^-^#g!x.*£T8 5t\ 1 0^4WEL 
fc. 

[0 0 5 3] U±.£K), f— bfiO. 18«m©MON 

% 6 nT ^ -5 Z. t £ &frlt> Z> Z. 1 7>*T # fc. 
[0 0 5 4] *H«»ffiKi3tt* 2 y M 

[0055] m^Mmm 

— HStAMG (Alternate Metal Vertual Ground) 3^* 

a*x-<^^-^*te±-r*. AMGs«iMH*Tttft 

J*-fe ;ko» # f x ^ - y s l^ifr * . 
[0 0 5 6] H5tt. (KfflSSttlNORSiOSSAMGS! 

tzifioX, Iffl/tiJWKTlt t*>yb?j[B]©E 
|£li£T "t'-y h*T tWTZ. &\dy bglBL 1~B 
L3lt ¥aW*0^*B««**»6J5c5a:»BEiBT» 
-5. -?-©l#i3#. fet^tfk'yhiSBLl tBL3 

[0 0 5 7] £©«fc'3K:fc;U7W*ita*Sfc*EW1-, 



(10) 

/<? 

MONOSl/ ; &Uh7>yX5'lit. £J;tf. 

mm-c&z. «s»*NORS!oi^. B*r*-t;u© 

y hafcD©tJWil4«aittl:3 F2 tft*. 
[0 0 5 8] %3jjfffi 
10 ^ *;W^y hP> (CH 

e) £A»€jA^£. b>*;i48*£rT 
[0059] b7>¥7>?&m4 tmvm&Lt 

-h«ffi8(C0V, KK>^«***4C8V, V — 

S^frbttS. ZlCt*. iilgBlmsecggt* 
Sofco S3i««€iSfi>if(l £1 

ffi^4©EPS0«H : £iMtCLTfT5. $61:. SB 1, 13 

£fr5P£lC. V-Xfc.ttfK^'f 2, 4£ 

«lC*«t|B]«{ii-r^i<hT, fglffi«#J£f6 3fg« 

[0 0 6 0] Zl©^*7jffiTti, *-y V*- IV&Xt&E 

30 icit^wjf^*!'^ h ai&kii 1 0 *mwrz>*-)vm& 

<, ftiiSft:fccfcOTftAft (fctill X>5^7>A4f 

ft) ICffitlSo 

[0061] m4Mtmm 

fiJfflbfci«ja»$fc*2f&Ktn»T, MONOSi/t 
'J h7>i?7^*Wtl/T«flt*. 
[0 0 6 2] hXl^ hn>aA*ST'«> V 

40 EPUPUT, y-h««TKJ|[^^2)i*»ritbfctt* 

aAts. aA^nfca^tt, s2ii*iT"j!iD3i$nT*e 
*iB^T¥iii«iic*fRiksnfc*Wf*«i*afcaAa 

[0 0 6 3] ^IfiCft^MONOSI^tU 
/yX^O^lfflTOi JBi^«5»!dSC*5^S0 4i; 

50 0, 12, 1 414. fct;Ltf3/5/3. 5nm«hT 
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[oo6 4] -d^\z. ^^tivmmz-^^xmm-r 
ns« 

[0 0 6 5] fet/tur, HH>$t-y>. ^x;i/« 

1E5V, ACW7^«EtbTV-A^«*««2 
iC*f L/^X«l±£IE#ftt;: 0 . 7 V, ®*(^](CVccT 
fPSabfco fry b**VT&.Atfmm\Z'ift3 20 

n< t!j^«ffi 5 VKATT#^jA*-B#ffl Usee £JlT/&< 

^il/ttAMOMON O S M* ^ U -fe;p <h B*04$tt«« 

[0066] «fflr*a#aj&«¥fflW»c««ft3nTt»a 

CtO, Sfcltl 2iI^©aA©l»i:< SMtBtl 2 
^©BB#«£aAa*i>J«-e*<5. fctitf. ±fe«J;5 

* - 7° y t L T h* V-i >Wfr >o MM * a At -5 31 i iz. J; 

A**nJtre»*. H4©«£, ^i«Jsti2«iffl 

*«Rf Jfc $ n. L * V»««£EOJR3|£tt*«J» l-- £ 

[0 0 6 7] 06tC. *HJS^tC#SMONOSS«^ 
t'J h5>S?**©S8 2 06(r^T^ 

n">x;U6 0F*3fCp^x;|/6 1 i^jJSft, ^Op 1 ?! 

«6i»K 6 ©#«fiE«t 1 0 , 12, HClJlttSU so 



3. 5/5/4nmtlfc. 

[0 0 6 8] n^eotp^xfeiTi^ns 
■v*;u«M£«tti;:*?&a:AU uO^fsy-MS 

{fcK 1 2 ft©*^ U7F77 7°('ffiATS. 

[0 0 6 9] fcijLfcf, Hl^f >:*-7>iUfcttll 
T\ y-h«£E5V, V-A«JEVcc*S«b, n?X 

;i/6 0ip^i^6 i ^(c|ii*[P](io. 7V<£EPiaU 
fc. cntCtD. »f^«ffi5V£tTT»#ii*«fMl u 

OliTU, t£*©FN h>^MAM©MONOSl 

[0 0 7 0] iS*yMl/^fn>aAfe, 2*«g§ 

[0071] msMmm 

oaM*»5CHEffiA*fT3. ismr. ^smmmmiz 

iMONOS/tU h^>> ? 7 l 5'O»fffi0$r^T. 
[0 0 7 2] ^ffl^€iJh7>yX^^, 0 4l;,Tff 

■v*;i/0/£ffi«l aap#©3*«SfcRSSl b#».*5 
ntt>5ItT*5. gilbB5~5 0nmgS, fc 
Wtfl 0 nm©ji5££#U ffl*fWK:V-X^tt*« 
« 2 ffltftffi < , HH y^MVnmn 4 «j&tffi < «fc 5 

tztzv. zzx-ity- b&mm 6 (D&m&m 1 

0, 12, 14fflKltt«&, 3. 5/8. 0/3. 5 
[0 0 7 3] CCDiiai^t'J h7>yX^fflg 

[0 0 7 4] oflC, Z(D£o temrfLv^m^it*^ u 

[0 0 7 5] »€Tii*I^C. ^fiKlSDT**^*^ > 

-5. fetAH S^t*<7 hUBL 1 \Z5 V^EPiPL, # 
S*? , 7-K»WL2, ^S5?V-AHSL 2i5j:tf#a 
Ktfy hi»BL2t. SSffiOVfflttWSOl 
ffi, «SJA«3 V^F-MtrrSo Sfc. 1«V-A«SL1 

«. iitfiovtsits. z<D^mx\ 1^7- k 
7 vsrEPia-rs. 

[0 0 7 6] Cl©»#ii**ftT. V-X^««<S«2 
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^m®imi$.2mfr<bn i ?tf&.A2nT. mourns ft 
[0077] ^mMmmiz&z h7>yx^iiitii 

o«#3a^-t«, mRnmzntcmTowmm (A££ 

t^|6l) *tS««l^bfc«SlT?<D^^UTh5y^O 

[0 0 7 8 ] UikO^^Z-fr-fcy hX.Ut? h n >SAT* 
SitT^cfci*, t<DmX?J)mtfl X 1 0-6TS0 1 0 

*mmmmiz%:?>h7>z;x?mm-?te. 

h D >&A<Dm^\Z&A%}mrf 1 «tJ£A±&#£ 
[0079] mT^JP^nsgBft-w^*^ 

-^caAStisfcieK $e.icaAS6*^i«<-e^, x 
[0 0 8 0] m^^mm^m^mi^t-r^m^. « 
k b y>zsz,?mm&£zfwz&&j]m&Mm\z£^ 

t. ^*;i-ffi^ic*£ (*tg*fc«^x;w <ty-h« 
®m©epjp«j3E£ 1 ovKTi:t?>uti!i5tt?.. y- 

h mm t S« * fete x;i/ £ cd«/£EPJjp & IE*M £ ft « 

[0081] m$s<DQiX%}mtf±tfz>rzisb, m^&^-m 
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m^mMwmmtinw.mz^m^'otz, tzt*.\i 

m-V- b^lZt£M-2ftfz£$k(D* ; Ei)-tMzttL-t£ 

VT'noMmmz&?)-tfBjm\zte-otzo 

[0 0 8 2] ^(CO^T«, ii'^cori<, ^ 

1 0 0ms e cgSTSofc. 

[0083] j m6^mmm 

[0 0 8 4] ^CO/^eU h^>v ? X^*^53ISS^CD 
MONOSI/t'J h7>yX^i^t<1^5,SH 

y- b«i^v-x<spj<z)fg 1 y- Mis a k i^-r 

>«©§ 2y-hti8 b\Zftm2ftT^Z>ZfT?$> 

fct>*>&mi b±mzttfaLTmmft. mzy-hm 

i8blt ±i:gf 1 blg^lCttftLTIStt^nT^ 
So #t*&*-P#fCi5^T, fll y-h*®8 ate^lC* 

as bn±fc*^saA-r-ss#«$iJw^ff 5. y-h 
«gi»)S6^*^t-^)«cDp^, 1 2 1 h 

HI 4^iy-M!8 affl^MffiLT^^^o 
0> Siy-Mi8 atftW«l atroK 
}C«#hA*e«l OcO^ffibTl^c JiniCttU 
S2y-hfl8btft^MS*l aiWffitC 

^ftTSo Sgl£J;tfS§2y-h*i8 a, 8b©M 
ti*6»H9 aTSfe&SfU ^li5ct^2y- 

ni8a, 8 bw^fiijsica, ^-n^mt-r F 1 ^^-- 

[0 0 8 5] CW-y-f K^*-;l/*6»B9 b<DMrfLwi'& 

<d-i*>&aiz£io. v-x ■ bu-f>^m^>m^,2, 

4tLDDli2a, 4 a *i L D DlgitcD^^ 

ffliJWLDD^4 ai*?,gil blC^ntT. ^^^-^ 
fl^e!cffi«l a©SffilC}l|< pM<D^M®)m®3t)W!&2 

DDii2a, 4 ate. &-m<Dmi&1?Ute\,K 
[0 0 8 6] 09 (A) ~01 0 (E) \Z> ^©MON 

oss^tu byyisxwmmjjmoy-m&mftmiz 
[0087] s^fn^aw^iyc^x^^^^a 

«CO*ffi{CjgfiEbfc^, 0 9 (A) (Ci3^T, *«1(D 
glWlglb^^tl.. ^Ogil bCD^T'ti. 

■/XhRl (CiDSo^t, K^-1'X-7^>y(cJ;0 
vX hR 1 (Cffi«$nr^^^->U3>SB^Bf^«$ 

x-y^>y-r^<, i^^t. piui^^t; fr i ^7x^1 

ci:L^^^>aA^fT^, ^fi£b/iaMl b<DJ&S$£ct 
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[0 0 8 8] L^yXhRl^m 0 9 (B) T«, 
^KAiiilO, iftll2M^h7^iS114 

X^Jf. fctAteVvX hR 2©^ — >«r»fiSl/ifc 

1 4 43 .fctfSSfcK 1 2 
[0 0 8 9] l/-77bR2S»m 0 9 (C) Tte, 
y— h «MtR, fciAtidoped poly-Si 111 8 

Hi 4*3«ktfSMtBll 2±^SSS±«©Bf)effl54J-*« 
37X^1, fcti«l/yXhR3S«t5. CCOW 
yXhR3S-7X^iLT, Uv»X h R 3 HOdoped 
poly-Si |8c?:l4n. pg£l^X hR 3 

&-7X^»i:bfe-f ^">aA ; £ff^, doped poly-Si B£ 
8c«fc»3*ffl0£lRl©SBff»;:. {gifiS©nSLDD^ 
IE2a, 4a$Mt5. £<?M *>aA©it&ai 
T. hR 3 ^VX^JiiLfcX-y^ytC^O, 

«iaaj©3j? h Att»«t i o su**-*-*. 

[0 0 9 0] Ui?XhR30»4ft, 010 (D) T 
tt. doped poly-Si IK 8 c Of *aBfl-£«gj*HJn»& 
tt51/yXhR4JMn. l/yXhR4$:VXi' 
tLT, -?-©MDg&7S>£StBT5doped poly-Si I8c 

[0 0 9 1 ] l/y^ hR4(Dm£&. 010 (E) 7? 
U ^li5<ktf^2y— h*ffi8 a, 8 bcDdHSrffi^: 

SUfcfciO, Sl*iyS2^-Ml8 a, 8bM 
CD|S»«9a<h, 1M ;M8»J19 b^|W]»#{CP 

[0 0 9 2] 08 iC^-fJ; 5tC, jg 1 « cfctffB 2 y- h 
118 a, 8 b , 9 a , 9 b S gSS^VX^ t 

\ i u^y^m^omm2, 4&mm?z. ^©ft«> *i 

[0 0 9 3] iOi^ftifiEffl^tU 

ffl©i2^r- h*®8 bitc^itxy- h macaws 

[0 0 9 4] Tzh%.\%. »£jA*P#lC, »iy-htl 
8 ai\zWM-?Z>7a>f7An!£*3 V. »2y-h«« 
8 blCEPJOT 67 p Dy'5Amffi£5 VKKST*. 
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*3SS£ 1 u s e c^T, fctAtfl OOnsecgg 

[0 0 9 5] m 7 ^JftffittB 
HUB, ^TSlIICiSMONOSi^t'J h^ 
>v7,^OSHrffi0Tfe-2)o 

[0 0 9 6] iO^t'J h5>vX^^6*JS^» 
MONOSS^t'J <Sft5^t 

-^7,^©i5#®«Sr^2||SS^03«^«tD^«tD/h$ 
<T*^t**pTffit»:-3fc. -y-f Fvt-JUfflf 2^ 

,-ni8d©»j*ictt>at», iiMt;g2y-h 
ti8a, 8 d p^co^gjc, y- bmmm 6 s«rit-r 

5f fbl 1 2 i hy y»1 1 4 *ffl^T^?>. ^©ffi 

*6^!fijgjBta*MicRii;T?**. 

[0 0 9 7] »2y-b*t8dS^ h* 1 ?*- 

Wilfc; ttcJ; 0, FH>^«iS«4ttf l 
20 b£©E«a**2*MJBS8©«^«fc0ia<fc:D. ^© 
?+*;u©»ric#gaK:fcofc. l/fc*bt, 01 
■ ltli. y-v*;W£fi£^«tl atf)SffitcpSPFSaE$fcl»8t 

mtmm. v—**j;tfh*L^ 2, 4©i*g 

ffifc-t-n-£nLDD«#£»ttT*>.fcV». 

[0 0 9 8] 01 2 (A) ~01 3 (D) IC. ~©MO 
NOSI^tU !>7>y^5'©gj§*a©- 0!l£»rffi0 

30 [0 0 9 9] if, 012 (A) \Z7pT£ 5 tC, 

0^Lftl^U'>?X hte££-?x? tv 

>x>y-r-s„ cntcio, asti bo±«©3f)e(t« 

l:«iy-M!8 a«^h5. 
[0100] U yX h 012 (B) Tte, £ 

Asm 2 43<tDJhyy«si»iKi 4*, mmmmmtm 

40 [0 10 1] -?-CDft, 013 (C) tCiJ^T, y— htt 

^tlfCj;0, % 1 y- h*4S8 aWPofflMfC, 
gftll 2#«fctf hy:/|fi»Kl 4£^LTy-f K 1 }* 
-JHffl»tI8d, 8e«Sn§. 

[o i o 2] 0 1 3 (d> Ttt. *-r, zcommms 

h v -Jmmm i 4 , saur 1 2 h a«6»w 1 0 
£jw#i$irr<5. SM^McD^«)i (^2y-h* 

S) 8 d4S«k^*iy-h««8 aMloT7X? 
50 H. ftWtf^hR5«»)«T5. UyXhR5 5 
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Attest 1 o^ii^^ts. 

[0 10 3] l/yXhR5 5tm 01 1 \Z^£o 

\z, w,\&&tfm2f-hmms a, 8d, »sn 

^t>SAU y-*;BJ;^>* W>^#HS«2, 4 

SIT. ^^EU-t;i/Tl-r Sr^fig 
[0 10 4] roi^^isjctD^t'J h^yy^^C^ io 

[oio5] w%&&m<Dmi£mfejjmz. msnmrn 
&t&*mzmc-c$>2>&. ^mmmm<Dm^. sbi* 

Wi2y-Ml8a, 8 d mo«»R#tgfcftK&I|[ 
ttTlOnm^tfUCt, fg 1 f— 8 a ©EP 

©*:#>. t<{c:©^l a®3-t- flKHclfilr^ir'JT 

MMm<»\~?yi;^5>m'&\z\£^ y-bmmo&mm 
[0106] msm m m 

mi 4it. mamMMfflZftZMONOSm*^!) by 30 

[0 10 7] £©*^U h5>5>X*#S67|SfflUBt8<J!> 
MONOSI^t'J K5>^j'i*#<aft5jStt, 

tmmz. >f-bnM*3 Lj r*)\'Mf&m£(Dmxnftffl 

WmtlZfttfTMtiLLT^Zo *H«S»S8»r*'^ 
Tti. 1 y s e c tCiftjiffcU fro, ft 40 

fP«ffi*7VKfi«£E<bUT^S. -tODfcJ&Ktt. lift] 

$4nmRRU fro, ^«t^^^;^IbJ{C«^ * 

[0108] «jfi*j*jcoiiTtt, B7mmmm 

[0 10 9] CW.fcS&flt^©*^ by>i?7.5>\ZM 

l-t, ss7^jt»tt£a«rau«icLT*EE*8ft£-*-* 



V. SB2y-h««8bCHJH0-r*>*D^5A*ES7 
[0 110] *^HKJBJB-Ctt. ^7*^?^figi|W|^. 

j» 2 y- h«s 8 b t tz&vrrr- hnmnfiwat *>nx 
^-s c tfr e>, 7"Dy7 a«e£8ij* kkjtts ^tfr* 

"f, H7©56 5|fcM»»©«£ih5>5>**©i5*rffi 
[0 111] HTC> ^tutM^7Km ^^e 

[0112] msmmfim 

tt. tf-y h«M3«ktfy-*«#B«fc£nfc#»y--;* 

7W ©mSS^*^ . H 1 6 tC, ^fflNOR 

l^t'J'fejl'TW ©TBEIS:, Ell7iC, B16CB 
-B' i»t»ofcWfiB«*»6SfcJft»HS:*f . 
[0 113] ^©Tffffitt^^'JSBTH. fc*-y h*£fr 
±t*>y URiMfcfy hiRKSSJiftSn, y-.X»#£y 
-^*tBJy— ^«C«JlffcanTt»*. ±k*-y b«IM 
BL 1 l:IKh7>y75-S 1 1 SALTS'] k*-y h^S 
BLl«Sn, ±k*yh^MBL2l;I«h7>y 
X^S 2 1 £^LTg"Jtfy hiSBL 2frgHBt;**lT^ 
S„ ±V-XSMSLll:Mh5>yX^Sl 
2 *^ITMV-^»S S L 1 )J«»«3n, ±y-*j| 
MSL 2(CJl^h5>> J X^S 2 2 *^UTfflV-AiS 
S S L2^ftlSntV^. 

[0 114] 9Jt*<y hiSBL 1 tmV—TsUS S L 1 
tOlBfc, ^tyh7>yX^Mll~Mln (fetA 
tf. n=12 8) *^J«i^$n, SJti-y hSgSBL 2 
t9jy— XSIS S L 2 i©Mfr, ^^E'J h7>yX^M 
2 l~M2n*s^]«iJnTM, C©5UtcM?"J(C 

7>y7^ (SI liS12, Xti, S 2 1 iS 2 2) 

[0 115] y-H^tPS-T-S^^EU h7>vX^ 
Mil, M2 1, -©&y— h*iy— KUWL 1 \Zffloi 
StlTti-S. ^tUh7>y'X^M12, M'2 

2, ■••Ofti'- h#7- KiWL 2 C««Sn, 
^^'J h7>yX?M 1 n, M2n, -(D&tf—btfiV 
- K8WL n KSMSSftTHS. 7- K^[fi](cPSTS 
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l«h5>^^Sll, -ttlR«SGlll:«J:t)lB 
Mh7>yX^S2 1, -ttI«8SG2 1 

h7>vX^S12, "-ttSftftSGl 2£J:QIHff3 
n> ISJh7>v > X^S2 2, -»2£ftttSG2 2££ 

[0 116] :OfiNORSt;l'7HTlt Ell 7 

tc^f ±5C sub ©affile p ^x;i/W*t 

[0117] sotiD»isnfc# 
z>o mmmmfo<D<mfi&\mmT\ m^mm^^tz^- 

ICfcD, 9Jtf<y h^S BL 1 , SBL2 (J^T> SBL 
taiB) 6±tfilV"-7«SSLl, SSL 2 (J£TF. 
SSLtSIB) *«Sntl^. BJbfy h*SBL*« 
"fgl^MVom®" , MV-XttSSLtf "fg2 5FHE«J 
©«" l:8§T5. SJfc'y FiBSS BL:fe,fctf»]V— 20 
SSLifclfiakKSfl-L-TjaXUT. #7-HiWL 
1, WL2, WL 3 , WL 4 , — OKT, WLtlg) 

rtgi5tcm^*«^©^-atJiisei»^^^bTpox;i/w± 

«J:^R-?^ttlfiftJI I so±tc^LT^-5o gijfc'-yh 

is s b l tajy — ssl tomn p £x;i/w©8B# 

XtlTlitS. 30 
[0 118] 7-K^WL©±ffi*iZjffi!ia«, 

kaicr. Bff&MiKTiijify msbl tarr* t*y f 

BC, SCU, ftt^M. k'^^^ffl/t'Jh^/y 
X* 1 2 8|@zTt{Cl2lte>nTti5. *6*Ji± 

k'7 hn>^^7 hBC±l:g)»t^£t'y hiMB 
LI, MB L 2 , V—Xa>?ir FSC±C8» 40 

T4±V-XIMSL1, MB L 2 , -tftJSfc:, ¥ff 

x b^ffmzMznx^*. 
[0119] z\(DmmNORm±)i7u^it. f&i#m 

» (ify MS) *«fctfl6 2#a* 



5. 3ft®JinfllMMR£J9K)tlll/T;i'e'J F^>vX 

[0 12 0] 9Jt*>y h«L 9JV-X»*^*fi«fB*T« 
fi£ L fell© 3 > * <7 F U X «| jfi t L T Mttfe £ Mtfft £ 
fcl^dtfr'S, Si©f^$vlA7'Dt^E#©S'h 

>yX^Sl 1XHS2 l/jt#a^<DW4^n^i7{c*5 
ttZmmt^V b5>>i?7.$M$:3L\iv h^MBL 1 * 
tziZMBL 2fr<Z>WK)M-ttzlsb, ±¥y FH<Z>££**# 

u<e«sn, mmit. &mmnMtizmm-c&z>o * 

fc, lRh5>^^S 1 2ifcHS2 2ffli*T?. 9J 

^SBLfeck^'iijy-x^s sl^vu+m ^ioo 
[0121] g i o Hj&jjjj 

mi ommmmz%^>^^)^.)v^^xs^^)^i)V7v 

Ell 8«, £l O^MBEHBlCtRSNORSH* 

[0 12 2] ICDNORSt^7KT«. p^XJI/© 
^ffi(C*a^©hl/>5 1 ^fc«LOCOS^£^^^^ 

m^ftmmm i s o*«*wnsTty F#ft (sis® 
Mfcfrfa) icE«snxv»*. *T#$«egiif i socb 

«fi£LT. S-? — FISWLm-2 , WLm-1 , WLm , 
WLm+1 ^fflPS(CSH^StlT^-5„ Z<DU— bU&^ 

tsmmmmiz. ffii&ommMmtmmz, #bi±mm 
m, mm, by7mmmx.w-b&m<Dmmmfr*> 

[0123] &m?ftMmmm<Dmmfi}(Dmmmmzis 
^t, #>7- bm<DMNi^^-xiz, m7L\Znm*m%a 

!j«SiSC*A3nTV-7?»i»««S t b' >^F 

bjsfa mi s<DW3fa) izizm^ftt&mmm i so© 

^PSW^T'M^^n, h*-y h#|Sj£tt9-F»raH©* 

[0124] *7-Hi»©HHtt. *m Fiyf-frmm 
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[0 12 5] ^0±Tf7 h*l^fcE*l$nTV^V- 
X&SLn-l , SLn , SLn+1 (HT- SLi^lB) 

I SO±tV-^^«*«*S±K:i6ff UTE«sn, 

L±£tt» JB2 0JillMBWlfc^UTlfy h*SBLn-l 
, BLn , BLn+1 (£AT, BLt*E) *««WIHT 

[0 12 6] ^coj:5^#l^©-fe^/1^ — >T«, ±IB 
D©»j«**vx^^t)-&©j»»SStt»C< <> £7c, k 

5i&£ttti^tA^, 6F2 {rifiH*#fc/h$l^i-fe^ffi«[ 
*sHlTf5, 1 ow>< ; & l J-t;H^i©2^Rfft:ffiVz:(c@ 

[0 12 7] m 1 1 ^flS»tt 

f&M,zm^tz7Fwm&*mmmmm. u^r, s i^y 

[0 12 8] 019(1 :©Si i-Sl&giM**:V 

*«ttf. *ms»ffioy- K*6»«t 3 oa«, sit;^ 

©K{fclR3 4tA^*J«.3nT^S^tT»*. ^©ffi 

ronton KsnmnmtmiBrcto*. 

[0 12 9] Si i-/^3 2lt ^©IMX (KS) 
**, !i?iL<IJ10nmJ^T, 09Atf4. OnmiST so 



30 

»d, <i*©s i ^-ysaaiwi±*^t:^3 

*tt*jphAlfti|»Btl o«, (s i^-y^ 

JzQ^BK, &mm&\ZfoCT2. 6nm*>6 5. 0 

[0 13 0] ^CDj^^^figCOy^'J h^>> ? y>^CD$S 

VD&TtfhAMMtl 0©±fc. MfflS it/MS 
3 2^Mn. Sfc, S i t7^i3 2 *s«>atr«fc 
5fC, 1M3 4$, MjKi7nmgt*LP-CVDl: 
±DsJIt5..C0LP-CVDtlt fifi^JiiDC 

s<tN 2 o©*i^#7., 7 o o*c<>:-r 

*. n©i*s i^-y«Sft3 2»a»{bK3 4fc««&ii* 

(Wx«CMP§) SfT^tJ:^. y-hSffi 
[0 13 1] CO«fc5»C»JffiSnfcS i ±y|Sft3 2 

3 211 ti©ftAi^^§»T§5.. fc*. S i±y 
^S,3 2SMfC/jN$< LT. CtliC^-a^SrffiJt^-lt 
T*>«J:^. 

[0 13 2] ^<0«t5/i*J«©S 1 ^-y|Sft?B^»5£tt 

Wc->5al/— >a>i:J:D, h77 7'l/^|/3. le 
I^;P3. 1 eV©SH*iriJ7h79 7'6Il>*Ct 

[0 13 3] g 1 2 MlfcMWk 

tSSB (BAT, «H#*FG3!£l»3) 
[0 13 4] 02 0H, ^©{^jffl^fJFGfJy^U 

WBIfl-MFGamWBtt**';**. fc©«5£J6Hafti 
J*fc*©tt. ««ffl¥SI;^*ll»MS7P-7^ >^ 
y-h*645It. y^EU h7>y7x^^SO I StR 
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2 £tb\z*mwx°^o ">m®mmfc" ©jm^wcm 

[0 13 5] SO Ilitltll t^t>Sy'Ja 
(ciftjftffi \z -f * >a A b SSUffi J; 0 « t^ffiBf K 
ffi&^fc)S£rH^L.£:S IMOX (Separation by Imp] 
anted Oxygen) — 77© -> U n >*S*ffi(c^'ft; 

fflt^tl?). £©,£?&77fet::.£oT^/££tt0 2 0 K 
^LitSO I 3£ftX1£4 6, #iltl^®l4 8*5 

J;£^>'j3>Ji5 0 *U y'j3>!5 0rt 

3^*;H£(£fMU a, V - Z.^fM<®>m®. 2 & <fctf 
FI/^>^«iS«4;^lgtt£>nT^&. Xit* 
14 611 ¥«^S*©^\ ^?7XSt, T^X^y 

[0 13 6] »»»J7P-^^ >^'-h4 2(t il 

«5. OnmgffiT, iSg^JAtt*8 nmJf©il^ 
#|JS i Hy Mc2jDILfcfe©T<fc-g>o 

hA*e»^i o«. sgi^gfl^iD^j*^. 

UT2. 5nm/i^4. 0 nm£T©ffiBftT3l:ijl#? 

C^-Cti. Mfe^^2. 5nm«if ilfe. 
[0 13 7] i!©<£5&«J&©^U h^^X:*©© 

SO IS«±t'#hA«g»Kl OMlt 
&, WitfLP-CVDffif, ^hAilfi»l«l 0©±K 
# ij -> U 3 >R (&i&$US: 5nm) fejSWr*. CI© 
LP-CVDTB, SilSf^X^DCSi:T> ; EziT©ri 
£#X, SSiftfl[*««Atf6 5 0tit5. t5^tc> M 

Am«8nmJTfflM^US i h'yMdOIt 

Iffl^'JS i Hyh*«. W&KWm.~7U-=r4>9 
y-H4 2 T**. ^©*£> 

|7n-f>f>^y- h4 2€rafeiitr*^^'C, 8Kb 
144$. fllTttf 9 nmtit*LP-CVDtJ:OJ5gR-r 
5. :©LP-CVDT1i fi»^DCSiN2 O 

PS, M»fJl7D-r^ >^7-*-h4 2(«ftI4 4 

^□-feX («*tfCMP$) ZftotZ^. t<D'&, f 
-h«K8£riEIIJtU y'-h«Ig^-jSlt/^-> 

[0 138] ^©J^fCSO I SffiSrffll^, 70-f>f 
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[0 13 9] E Mfil 
JW±j$^T#fc!S 1 ~ff§ 1 2*KS^SItCi3ViT, «*© 

[0 14 0] t<};i^L.^^DINORS, ^t>® 
5H i CRat»Snv-7KiSi»t5 20©V-X 

[0141] *%w\z&vz> "wmmzmmit^ntzm 

ffiWmW it, £ftIgA*;i^©*+ U7h7 y zf&£ 

y-H6»Bta*NO (Nitride-Oxid 
e) I&5MNOSI^^Tfe*»'lfflTt5. 

[0 14 2] #3EWtt» X^>K7D>S©^5gtt^ 
t U p v 7 v ^ [hI8S t m— *«± i:19ft bfcx 

>^y KS!OT»»tt^ : EUC*tbT'bafflnIfiiT* 
-5. ft*. SBl 2 3iJfi»i8««J:5fcSO 

20 eta:, n~ii lmmmmo^^v h^yisxprn 
m\zmmvTmm~^m-?ft2>o 

[0 14 3] 

[fgaj©?;*)*] *56M»c«*^»56tt¥*#E1tS«R 

z>'^©iES!)7j?stcj:n«. imnffitfmw>m (75ft <t a 
^afcaA^nsfs*. K^»€ri^*afl[Srf»*^t*« 

BT-ab 0 k' y b P 7; h £©M L.*>T t^ft £ ©f"L& h & 
- X ^Bl N O R ^ ^ t 'J -t ;w 7 W <i (DWmMtfL * HI 

[02] ^lSuejgffitftsNORS^^u-fe^u-r 
40 [03] ^mmmz^^,m2<D^ : E^±ji7i-i-x: 

A-A' fclrB«*> 61fcflaHf* 5. 

[04] ^lUSSi^fc&SMONOSSU^U H7> 
X 5> © «j& « ^f»f ffi 0 T & & . 
[0 5] m2H*S^tC^-5>^}f^tt^«^^ ; &U©{£ 

[06] m4SISg^Si(C^-5^ ; E l J h7>^*0*f 

m &m s ^-r ff ffi 0 T- » * . 

[07] £5!SM»IBK«.5MONOS*^E , J h^>v 

50 z9<Dm?mm&7ji?mwm-c&z. 
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[0 8] ^eniflir^MONOS^tu hvyv 

[09] ISHWit^^MONOS/tU h7>y 
X^OSSgfc&HT, LDDI«M«©RIiT* 
3. 

[010] B9£«K, y-h L-»iItel6» 
Jf £J£fijcLfcSI©»riiD0-C£3. 
[011] SSTHJgJE^C^SMONOS/^E'J h?> 

[0 12] STiiJgffiCfSMONOS^^U h^> 
i?^^0«jfi»r*^T, y- h«»llt«)jilcl«»©»riBH 

[013] 01 2ictt<. tf-#©iM 

«^^*bfct*©KB0T*^o 
[014] »8H«JBttfc«*MONOS**'J h7> 

[01 5] igSttMUCftftNORa^^UWI/ 

[01 6] *9*li»*K«.6NORS!* ; EU-feJl'7U 

[01 7] !S9»gi5jitC#3NOR3y*^ 'j-t;P7i^ 

fc«IBft0T-<&3. 

[0 1] 

™-» SLI BL2 SL2 



(18) 

J/ 

[018] mi owmm\z%^>wm^oRm±)i7u 
■i <d®. mm&L & m? ¥ffi 0 x* $> z . 

[019] ^1 13Hlfi«tttrff«S i t/^fii^tu 

[020] mi z-Mmwtmiz&z'&MftmFGMt^i) 

«. 2, (f 2^S«) . 

10 4, D-Pl"f>Tttt«* (il^F»M) , 6, 
3 0, 4 0-y-HMW. 8-y-h««, 10-* 
hAtt»BI. 1 2-SftR. 14-h7^M> 32 
-Slt/»I. 3 4, 4 4-ftfcll. 4 2 
l7D-f^>^-N, 4 6 4 8-» 

mmitm. 5 0-->U3>I, 6 6 1- 

p#x;k iso-*f»i«»i. pw-ptfx;u. 

Ml l~M2 2-/ ; EUh7>yX?, Sll, ST0 
m-WRhjy-JT,?. BLlf-KyM. MB LI 
hiR. SBL-IJt'yMS, SL1*-V- 
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